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WO 2006/ 041849 PCT/ US2005/ 035697 1 Met hods and
Conpositions for Concentrating Secreted Reconbi nant
Protein 5 BACKGROUND Chitin, a p-1,4-1linked

un- branched pol yner of N acetyl gl ucosam ne (G cNAc),
wonsdsiopistes t he second nost abundant 10 pol yRPEEHUS2M05/035697
earth following cellulose. It is a nmmjor conponent of

i nsect exoskel etons (Merzendorfer, H, et al., J.

Exptl. Biol. 206:4393-4412 (2003), the shell s of

i nvertebrate crust aceans and of fungal cell walls
(Riccardo, A, et at. "Native, industrial _and fossil

chi t Methods,andi €ompesitions .fﬁamcwraﬁmg Segetedy
R A A Mzzarelli, Verl ag: Basel,
Switzerl and (1999))AEE§H?|’ nases ?ﬁfﬁ: ol yze the
13-1,4-glycosidic bond of chitin and have been found
in prokaryotic, eukaryotic and viral organisns. In the
yeast Saccharonyces cerevisiae, chitinase plays a
nmor phol ogi cal roI ein Bﬂ K R Npel | separation

al

( Kur anda, : 20 266:19758-19767
(1991)). Addl t| onal I y, plant s express chitinases in

he GHatr 8IEbgotamkesr wsToRcERd BANMIEeE Banes in
tée%%i?gi %ﬁ)@t e b&?ﬁ‘sﬁhﬁﬁ% th® skB5REFABst abundant

al n pl ant ens Carstens, M,
%ol?h‘uerﬁbr&l&&rtﬁ&ﬁlov@:ﬁg@ﬂuﬁi& (2101333 ,majtocmompon@ut af .

25 Bi osci. Biotechnol. he ﬁ4§ 00,3)
Knagctyexegkeletons §lZzenge er,l an ? 53%1
% 143303409\ QD30 tﬁé§h§nsfo@%wrtesﬁatercrhgmdeenk%m

cosyl'hydr ol ases ‘based on their amno acid sequence
ofrfungel cetbwvdllde(Ricearato, /B, ete. YNative oigieleistrial, and fossil

N e B M g WY
b, eBi‘?l&ﬁaﬂ?é?h@éﬂégﬁ Babel fsw:tﬁenm qhpoby). t ICHitingsed t
in either retention (fam 18) or inversion (famly
Ioydrofy 280 tm0p6l, GAQWILQSIId(cerBmegzmgB@m have been found
in prokaryotic, eukaryotic and viral organisms. In the yeast
Saccharomyces cerevisiae, chitinase plays a morphological role in
efficient cell separation (Kuranda, M., et al. J. Biol. Chem.
266:19758-19767 (1991)). Additionally, plants express chitinases
in defense against chitin-containing pathogens. In fact, the
heterologous expression of chitinase genes in transgenic plants has
been shown to increase resistance to certain plant pathogens
(Carstens, M., et al. Trans. Res. 12:497-508 (2003); Itoh, Y., et al.
Biosci. Biotechnol. Biochem. 67:847-855 (2003); Kim, J. et al.
Trans. Res. 12:475-484 (2003)). Chitinases belong to either family
18 or family 19 of glycosylhydrolases based on their amino acid
sequence similarities (Henrissat, B., et al. Biochem. J. 293:781-788
(1993)). Familial differences in chitinase catalytic domain
sequences reflect their different mechanisms of chitin hydrolysis
that result in either retention (family 18) or inversion (family 19) of
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2 the anoneric configuration of the product (Robertus,

J..D., et al. "The structure and action of
chitinases," in Chitin and Chitinases, ed. P. Jolles
and R A:A. Muzzarelli, pub. Birkhauser Verlag: Basel,

W@ 2006618¢d (1999)). 5 Most chitinases have BCTOPA0535697
domai n organi zation with distinct catalytic and
non-catal yti c domai ns that function independently of
each other. An O glycosylated Ser/ Thr-rich region

At SRR ST gtunﬁubnﬁbfct%%mmmmmm ve O.pet al.

prevent 10 proteolysis or aid in secretion of the
cHihe stageturarandhaetion of dhitirases,” in Ghilde ang Ghitiases,

B ol A IR S e

ts\j\,nﬂgﬂgﬁdgngggg) three structural classes (type 1, 2
or 3) based on prote| n sequence sinmlarities

(Henr| ssat, B. "Cassification of chitinases nodul es,

1 HGR At R0 o R st i
ktiaer Eatatlyt{d aA8)Non-deteptc mi@manneratlfudcmouual

zaa;'aasasn«; OF i Gthgr. e, -ObiesRy 1558, S 7R e RN

%érl gﬁFatfggthgqﬂso gg@%?gg%)mlg;o €g‘tﬁ/le?lion h3>/olernt Si s

ol
l:protwlysa;tm’r gid in skecretion Glﬂtdsl&scrmtmasez(ér@kane’, KD&& et al.

dasect Blowrn: MohART a3 16 1 AT Bkt et
ac&ﬁhmr?t n'% A4S (EBDS él%%fér?é’é 't@fbsothBDEP fb'eméng? €0 one of

aces Ber nar d M
MWGGMUCBQI’BIZT&mKtmeM)Z OF &) rhas@shon Srotein saquence

SR Bes riEissag B s tiarBh Ao eh et s gfttes finy
RemBinUs®d Crptihssa)idd. 78 Jolles iz ermlmazmtlemﬁ in

bacteria on chitin beads to provi de a atformfor
iBitihausardVerlagl: Baéﬁlelﬁwlwﬂaﬂdwél?&@))r aE@@ﬁndS‘Q optthe

d
deuifud Tl hfe VR BlerElctp SR8 coteitibrl @Migis o
qiurbndA M., eBahch B/, 32HerR/866:19758-19767 (1991)) or
inhibit (Hashimoto, M., et al. J. Bacteriol. 182:3045-3054 (2000))
chitin hydrolysis by the catalytic domain.

The small size (~5-7 kDa), substrate binding specificity and
high avidity of CBDs for chitin has led to their utilization as affinity
tags for immobilization of proteins to chitin surfaces (Bernard, M.
P., et al. Anal. Biochem. 327:278-283 (2004); Ferrandon, S., et al.
Biochim. Biophys. Acta. 1621: 31-40 (2003)). For example, the B.
circulans chitinase Al type 3 CBD has been used to immobilize
fusion proteins expressed in bacteria on chitin beads to provide a
platform for intein-mediated protein splicing (Ferrandon, S., et al.
Biochim. Biophys. Acta. 1621: 31-40 (2003)) and to chitin-coated
microtiter dishes (Bernard, M. P., et al. Anal. Biochem. 327:278-
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WD 2006/ 041849 PCT/ US2005/ 035697 3 283 (2004)).

Because eukayotic protein expression systens are
capabl e of biol ogical processes not possible with
bacterial systens (e.g. protein glycosylation,
wohapsomse> nedi ated protein folding etc.) i tPGREUEPCSH3S5697
desirable to secrete CBDtd&gged proteins from
eukaryotic 5 cells. However, many eukaryotic cells,
especially fungi, secrete endogenous chitinases that

KZG@&)? t B@cétﬁ%@éukw@ﬂht protein ERPressignaysperasaimas

to chitin eting wth the CBD-ta dpr

faapable Df bxojog nE@r@(iIQSé;@S Nk RASSH g,w@%?@q};ﬁapﬁ gy.é{:ems
D-

T2 G BOLR GBS et AR g eing et

Ghid b!%ocd@:ih%blé 6 freeetePCBDeta et prateats fnommehtkaryotlc
cells into the surroundi ng*Frredl a are @Y&St anti al |

diellgt ddoweyer,tMagyi eHiaryesieIGellangSeeHBRY SHRE! secrete
M FRLhifinaged BAEHRBHERS: td ihdifitidddh of CBD-

€0S |nc ease the ease of separating
Ftbggétl nﬂoﬁémmtbfm:tmdnacomnpengcmmhléw aBe-tagged pootein

Bl Bindig Gy S s DL S LB G dd Bbtein
gdéﬁ'f Eﬁftlﬁirﬁﬂ%lﬁiﬁloﬁgpbﬁ%cﬁhé’faﬁd BY d&staidieg the

epur| Ication exanpl e, proteins in
teeget elitioutoated swfiade harvested by precipitation.
This approach requires addition of |large quantities
of a precipitating agent such as amoni um sul f at e,

acet O'Wfoté?ﬁs GeLedtbarPasehost @listinto tAk!sauesumding media
|

centrifugation or filtration. Many of these agents are
et subista Wawwddute@ reswitinglin ;6aSWy Gmdi FERRETEHPENse

h d
ST mrofff [ER YRRmeE I 1 BeSakle B FEARL e BBt
A rea8P HRE @R sk ofdHpIratiag 'mpbeine o e immdia in

resins 30 such as anion/cation exchange resins,
hyhicbphelyi @rei se@eted.i on resins, or size exclusion
gel s. Harvesting proteins by WO 2006/ 041849

PCT/ US2005/ 035697

A variety of approaches exist to purify proteins from large
volumes of media. These approaches vary in cost, efficiency and
length of time required to achieve purification. For example,
proteins in secreted culture can be harvested by precipitation. This
approach requires addition of large quantities of a precipitating
agent such as ammonium sulfate, acetone, or trichloroacetic acid,
followed by centrifugation or filtration. Many of these agents are
toxic or volatile, and all add significant expense to protein
harvesting. Additionally, precipitation can result in significant loss

of protein function.

Another approach is chromatography using various resins
such as anion/cation exchange resins, hydrophobic interaction

resins, or size exclusion gels. Harvesting proteins by
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YO0t #dst be processed. For exanpl e,

4 chromat ography requires that all of the spent

culture nedium be passed through the resin at a slow
flowrate (typically, 1-10 M mind). This can be very
time-consumng in instances where large volunes of

100 | PEEES20@503597
spent cul ture nedi um passedt through a resin at a 5 m
mn-' flow rate would take 333 hours to process.

Addi tionally, these types of chromatography resins do

nHropeategtapley ye@umreé yhatbl of thetspegétculfpretraiediumde
must often be used |n conj,unc

h
pRssedANTPUgR e saI rE 2 IO Tredate (Bagedft, fiid A°
%‘h‘?mﬁt FBIALLY bebPdrstifitaboRaRRid ftinstaRtas varirei Idege

sequences 1 ncorporated into the protein's structure
awcdumeseof oeesliumbetstisxe pfoaeseed. disirlexample, 100 liters of

ST B Se B aBhB i 8 A5 Y By
lr%tél% lﬂeeca% mmm kdiprecess UAaamonaﬂlyertgeeeetr/pds of

Into t desired protein's sequence. protein

esmoesat@g rwbln% resiesafo natseleckiyelywpurify §pl¥:th‘¢ &anqef

'nt ract re

PR 2t isCRfRh HE0SRY i SapiBictor i, Pl inktpods
hipxa i siti- siapep itifightien prot¥s. e these met hods of ten
produce highly purified proteins from20 small

volunmes, they are limted in their practicality for

proce L 4 .
bert ooy SEBAPLICIATES it BaESPPREANY ping peprice
R RIS M EGPDIrd ted Mtorthekpioteirss sructure aEs ofﬂenl used
co- purlflcatlon of undelred pr ot nstha e!{r\o

daaaise ofsthein ahuiby &p Selaqtvalh O U |5d§ﬂ{§
hti@mi%eﬁegzﬂ%é&%@%é&ué?éé (&2 A peptice il

€en U to purify proterns from cultures
(éiatcme br hbxahlstlcmnersegnence) Reerginelred dinthethe desiged

Ot SeauR o POTEH: FRRERSIED CEDAIF 96 Pes s 1l
bl i iy Vinds@ct SAER %t@&réﬁﬁérﬂilﬁg reSiH fe /i@ Fevirlheving
an immobilized antibody or a nickel resin for hexahistidine binding).
While these methods often produce highly purified proteins from
small volumes, they are limited in their practicality for processing
large volumes by their cost and performance. For example,
antibody affinity resins are very expensive and nickel resins can
result in co-purification of undesired proteins that happen to contain

stretches of histidine residues.

Magnetic techniques using magnetic carriers including beads
have been used to purify proteins from cultures (Safarik et al.
Biomagnetic Research and Technology 2:7 (2004)). A problem with
this approach has been the need to customize each magnetic bead
reagent to bind individual secreted proteins. This may involve
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WD 2006/ 041849 PCT/ US2005/ 035697 5 conpl ex chem stry

to attach the affinity ligands to the beads. This

al so represents hurdles in efficiency and cost. In

some cases, natural affinities between the secreted

POROKM184E and a substrate have been expl oi t BEI/US895/035697

exanpl e, |ysozyne has a bihding affinity for chitin

so that when the hen egg white enzynme is exposed to

chitin, it can be purified (Safarik et at. Journal of

BidrapR% efemastdy B aptachi tha affktityligai2ds 8@ Th8deads. This

(1993)). 10 SUMVARY I|n one enbodi nent of the

ialgenepemeents fetrdles inefficiRNednd 6PSbbt ai ning a

concentrated preparation of a secreted reconbi nant

protein, that includes the steps of: (a) transform ng

host eﬁpsem omsesl.’hatal'alsaffmitieslbe’e/cem tbesearetiedgorotein
e DNA encod rotein risin

@19 arhbs tate i P B PGS ot eXamRIE, Hso2Y G s 2

HSIHHFH#“ atffhity'fo Em@b%l@a%%ﬁ@n%'e‘ ﬁer@@@g&ﬁﬁ&étéﬁ?@rﬁ@@‘s

prot'ein therefrom and (c) |n|$
seqaseddd dsition itean dierpurifiad (Pafrik &t iad Qﬁméﬁ ofin by

Jieghemicn! S Braprydlea S AlRLE Gang e B hon ™ ©

denaturl ng conditions so as to obtain the concentrated
preparation of the secreted reconbinant protein. In
anot her enbodi nent of tEUMMARY on, a nethod for 25
obtaining a concentrated preparation of a secreted

<+ ops 1rong etafidht ey BeTbhERfol st o 3 Bralidtd for
Sébttamlﬁ?\/aeééﬁéer(ﬁréte% présaradionnoffa seefétedn@combinant
integrated into the genone of a yeast expression cell

aJr@tennu, that indudes the sheps pﬁe(ajr\t&aeﬁ%mlﬂg host gxRsgssion
t
RelischBpir TBete? ieRintda SENL o8 ORAEcRAfh & o)

%o'tew ¢dmbheirhatdBE arrté aardet peotpirgs@)nexpressings thm
2006/ 041849 PCT/ US2005/ 035697 6

fusion protein in the host expression cells and secreting the fusion
protein therefrom; and (c) binding the secreted fusion protein to a
preparation of chitin by means of the CBD, the fusion protein being
capable of elution into a desired buffer volume under non-
denaturing conditions so as to obtain the concentrated preparation

of the secreted recombinant protein.

In another embodiment of the invention, a method for
obtaining a concentrated preparation of a secreted recombinant
protein is provided which involves the steps of: (a) providing a
shuttle vector, wherein the shuttle vector (i) a plasmid in E. coli and
integrated into the genome of a yeast expression cell, and (ii)
contains a DNA, the DNA encoding a fusion protein comprising a
CBD and a target protein; (b) transforming a chitinase-deficient
host expression cell with the shuttle vector for expressing the fusion
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protein in the yeast expression cell and secreting the
fusion protein therefrom and (c) binding the

secreted fusion protein to a preparation of chitin by
means of the CBD so as to obtain the concentrated
Pioaageetid4dn of secreted protein. 5 Both enbo8CHER085/035697
are exenplified using a shuttle vector, which in
certain enbodi nents is capable of being cloned but not
expressed in E. coli and is capable of expression in

t Botepsin tiexpeasserpressidrs celAla nd)@emnréa ngfthiehusidny peotein
shuttle vector is that 10 whi nt.ai ns nmodi fi ed

Likerefrognppad (&) pinding Cr@ YSiPn Ry 0?‘1?}9 9@ ACL.
Bgﬁé}e?gaeﬂ %@ﬁ.an fn?éa?% SHEIPLBD 84 A4Sio"eb@imeRs

SSI on I's chitinase-deficient. The host

etxm‘tmﬁ'ramd prepaystiemafsgchetegepratedsl | s, for exanpl e,
a single yeast species selected froma Kl uyveronyces,
a Yarrow a, a Pichia, a Hansenula, and a

SacchgapyEsboiRfehes aré’@ﬁéﬁﬂlﬁf@:d’ @ﬁﬂp & %hh@cl@ﬂr@cﬁbr

Kl uyver onmyces specl es, be selected from
Kivhicheinoogrtain emmdlmeuss mﬁamlylemfa@eemgsclgned &sHinpt

osSE8 T £ oland & Babdie REES e tPele” ™

Caipriesalonofelry. A ekBMmpradf thls typRe 6RERUNRS vector\a*behat
further cultivation occurs, the ch|t|n shoul d be

swhidh eontairs atmordifiaslAG4 Rrossetierand is Ruthes exemplified
aﬁgﬁ olum, 25 a matrix, a sheet or a nenbrane.

g 'chiti nis a bead, the bead may be either
por ous or non-porous. Optionally the chitin bead may
be magneti zed. The fusion protein may be recovered

when h?embogﬂﬂﬁﬁéﬁwéﬁ als9 exempHiisd %ﬁiﬁgﬁ Rgst
T .
Wﬁgﬁg &P that .gecrm.ﬁgééwj Elérﬁecﬂfl%‘ﬂogf‘ egg%%.éht 0

'y reversi I e su hat 't usi on
\@sﬁéﬁﬁhﬁﬂo/lBég/da@If IcblfR Oftly/ ©&fhple, &/ single yeast species
selected from a Kluyveromyces, a Yarrowia, a Pichia, a Hansenula,
and a Saccharomyces species. Where the yeast cells are a
Kluyveromyces species, they may be selected from Kluyveromyces

marxianus variety fragilis or lactis.

In examples of the above embodiments, chitin may be added
to yeast cells in the culture medium during cultivation or at the end
of the cultivation. Where further cultivation occurs, the chitin should
be sterile. The chitin may be a coating, a colloid, a bead, a column,
a matrix, a sheet or a membrane. Where the chitin is a bead, the
bead may be either porous or non-porous. Optionally the chitin

bead may be magnetized.

The fusion protein may be recovered when bound to
magnetized chitin by applying a magnetic force. The binding of the
fusion protein to chitin is optionally reversible such that the fusion
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protein can be released fromthe chitin under
non-denaturing conditions that differ fromthe
conditions for binding. In an enbodi nent of the

i nvention, a preparation of 5 Kluyveromyces cells is
wbhanwossie zed by a chitinase-negative phenoP@Es2005/035697
wherein the phenotype is the result of a nutation in
the chitinase gene expressing secreted chitinase, the
preparati on being capable of growing to a simlar

ggilolkeigeébﬁ% b¥ rafeddddirbyp eh&lchitire upage epnedehaturiig

ensity refers to the dry weight of 10 cells at
A®rivitions dhat diffenfromothg condiionsdior Hindifg| i ed and
Envi ronnmental M crobi ol ogy 71:2862-2869 (2005)).
Preferably, the preparation of Kluyveromyces cells is

capablig arPEnfddifnssitnef thdinventioni agpreparatiohi ofant
fusion protein. 15 Expression may bg_r_e ul ated by a
Loy verampces cels ipeharacieriazad byha cBHIN %‘P%ﬁ&‘%él e,

usin t ' ki on i
iR Whteln BE e TAVREds IndReslird - idarion in the
VHitifas€ yehesexmessingsseareted chitmase; dheipreparation dleing
An exanple of the shuttle VF tor.is pK‘lIA 1. 20 The
mm%mfmownmteﬁ/@naﬁarc@ é@q‘l$i§Y geMidH¥RCabove my
i s
RIFEoByEes IS, THE LN bindiy FRrersto i Ry NBigReof
Thetiscat 48 houre difunoltivgtioml(Eolusst eti@b Applied iangd

keimegeal el 3t ehRaraRet S8R net ol aced
within the culture nediumor in contact with the

vessel containing the culture nedium LIST OF FI GURES
30 Fi queferabbhdite prapesation dfl uyvaradiveas crHgds capable

eftoiraasing RodisEerTing meopinabbfvPE R Wi
ABRSREEITA May be regulated by a LAC4 promoter or modification
thereof, for example, using a shuttle vector having a modified LAC4
promoter for expressing a protein in Kluyveromyces while
expressing substantially no protein in £. coli. An example of the
shuttle vector is pKLAC1.

The preparation of Kluyveromyces cells described above may
include a culture medium in which the Kluyveromyces is capable of
at least one of growth and maintenance. The culture medium may
also include sterilized chitin. The sterilized chitin may be in the form
of magnetic beads' capable of binding to a magnet placed within the
culture medium or in contact with the vessel containing the culture

medium.

LIST OF FIGURES

Figure 1 shows a Western blot in which three proteins that are
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masses of >200, 85 and 50 kDa are cross-reacted with a
pol ycl onal antibody raised against B. circulans Chil A
chitin-binding domain (a- CBD) (lane 1). The 85 kDa
protein binds to chitin beads and 5 corresponds to K
wacbico4sid t i nase (lane 2). Figure 2(A) showsPGI/US2005/035697
multi-domain KICtslp chitirfase with a signal peptide
(stripes), a catalytic domain (gray), a Ser/Thr rich
domain (white) and a chitin-binding domain (black).

%eﬁt‘?@fe@@?tl( dectid fnied §;§dﬁ9@ul@§n@ﬁﬁecﬁ¢ntnewmh19ppﬁ»gmae
2(B) shows that KICtsl& bel ongs to Fam |

hpbses DA, SndThs KB BT FeRpciadtsd it  Bolyplonal
SHTEOdy oSS REHET B, PRRRARCEAE AGHIA SN oRRéin -

IOCBE')') %hé 1) braek85 kD4 Piotairbivdets ehitiry beatlsand
acid ure 2(C shows that Kl %sl p contains a type

2cc:me$n>qn tKn Ctéﬁ)ﬁl&"c'rﬁ"asﬁ{@ri'@ sl p CBD was al i gned
with a type 2 CBD 20 consensus sequence (SEQ I D NGO 14)
predi cted by SMART (Sinple Mdular Architecture

Res e glhreT:@(A)) slsmlsvmrrmltlhdmnam KlICts1 pethitinase Nvith .a

Aci ds R 2- . . E
HaBBLPOBAR (546 @ SHBNES oM SPTainan SeBf THAH
P%é?n%h?(\ﬁﬁﬁep (a%%% 'éﬂlmﬁﬁbmy HBm%Wff(B k?r odighB@s peptide
contai ni'ng pfedicted t ungi

(@eavage octurs éﬁtér/m’r?(SEQ I D NO: 16); Race- specific

elicitor A4 precursor), bacteria (Ralsonia
sol anacearum (SEQ ID NO 17); BXZLO, nenatodes

(Caeng maebﬂgs% §h6\lv§€tﬁa§ KI&@E@ baoH@th&)Famn bbb

endochTti na , mamal s |ens I D NO 19);

odiiytosydhgdiralases.nJbet Bre(dmt@dcfpata lm@t%ﬁiﬁ Gtelp Hes

S R S S LB P
fichd s pASAERE/iATRGRMKets) FIXYUraprésehtsiany fahino

the deletion nutant of K. lactis does not secrete
KiIdd91p as determined by chitinase activity.

Figure 2(C) shows that KICts1p contains a type 2 chitin-binding
domain. The KICts1lp CBD was aligned with a type 2 CBD
consensus sequence (SEQ ID NO:14) predicted by SMART (Simple
Modular Architecture Research Tool) software (Letunic, I., et al.
Nucl. Acids Res. 30:242—244 (2002); Schultz, 1., et al. PNAS
95:5857-5864 (1998)). Shown is the alignment of the KiCts1lp CBD
(SEQ ID NO:15) with example proteins containing predicted type 2
CBDs from fungi (Cladosporium fulvum (SEQ ID NO:16); Race-
specific elicitor A4 precursor), bacteria (Ralsonia solanacearum
(SEQ ID NO:17); Q8XZL0), nematodes (Caenorhabditis elegans
(SEQ ID NO:18); probable endochitinase), mammals (Homo sapiens
(SEQ ID NO:19); chitinase) and insects (Drosophila melanogaster
(SEQ ID NO:20); probable chitinase 3). Conserved cysteine

residues are indicated in bold print.
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5 Figure 3(A) shows chitinase activity neasured
followng gromh of cells for 22, 44 and 68 hours in
YPD nedium at 30C. Activity was assayed as the rate

of release of 4-MJ mn" (relative fluorescence units,
RPIIHOALBH f r om 50 MM 4MJ G cNAc3 at pH 4.5 BEHUSPPEG/035697
10 Figure 3(B) shows that nb secreted chitinase could
be detected on a Western blot fromthe sanple
corresponding to the deletion nutant (lane 1) whereas
chitinase was readily detected for the wild type

(lane 2). 15 Figure 4(A) shows the pre

secr Figiérechishonashat tom qi@'et'PHdT‘%aQti@é(n?%ﬁt’soﬁoes not
T
FeED kT eRsD 45U mitEE A RRRke SEAERY

chitin colum and then eluted in buffers of varying
pH or_ by boili ng for 2 mnutes. 20 Fi uregﬁ?}ﬁ. shows
t hat Figung 3 )osh %\Mﬂcrlwe(?&wy meas f ing growth
(ﬁc ‘%—f"% ﬁk%t#&?@%@‘hﬁh}‘s Y WDzﬁlé%Mag‘BOOC Activity

n-bound was el ut ed i ve successive
nvas raas&y%ascrheaﬁtew Nel@dse( Eod-MUvhin 't (jativpr es ent S

dbicreseens Uit BV &) FEBf ot ity 2efaRiAc ot e dhe
t 3I§b@t slp that has been eluted in 20 MM NaCOH

retains chitinolytic activity. Chitin-bound KICtslp
was eluted fromchitin mnicolums with various

A A AR 5
Un 4-WestBA-blot FRIMIAedd i éﬂ:ﬁé@ﬁ@n@lhgrﬂd ﬂ'\édalﬁtlcw)
2006/ 041849 PCT/ U82005/ 035697 10 37C.

ghotant ﬂaneraatwtzeraqsogmtmﬁefmfe@whads sfi fgg(thﬁawd
f a fusi protein as an elutable affinity tag where
fredaate &

Figure 4(A) shows the presence of secreted chitinase from K.
lactis (KLCts1p) on Western Blots using a-CBD antibody. This assay
required that the secreted chitinase be bound to a chitin column
and then eluted in buffers of varying pH or by boiling for 2 minutes.

Figure 4(B) shows that elution of chitinase (KLCts1p) from
chitin occurs almost immediately with 20 mM NaOH. Chitin-bound
KiCts1p was eluted in five successive 1 ml fractions of 20 mM NaOH
(Eo-E4 where Eo represents the column void volume), separated by
SDS-PAGE and detected by a-CBD Western blotting.

Figure 4(C) shows that KiCts1p that has been eluted in 20 mM
NaOH retains chitinolytic activity. Chitin-bound KiCts1p was eluted
from chitin minicolumns with various concentrations of NaOH and
the eluates assayed for chitinase activity by measuring the rate of
release of 4-MU min™* from 50 mM 4MU-GIcNAc; at pH 4.5 and
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5 obtained fromK lactis, the fusion protein (Human
serum al bumn (HSA)-KICBD) is expressed in a
chitinase deficient K, lactis mutant (K lactis dctsl
cells) and the conditions for elution fromchitin
Diee2986/a4£849 20mM NaCH. I n contrast, a fusion pPOT/EB200935697
CBD from B. irculans (HSA-IBcCBD) is not simlarly
elutable fromchitin beads 10 in 20nmM NaOH. The
control (B-PB) is fusion protein eluted by boiling
ciyddn beads. Figure 5 shows the pGBN16 (pKLACL)
expression vector. The desired gene is cloned in the
same transl ational reading franme as 15 the mating
fact qu - I
oot g AbE ol dnaE Rt EICHTT Cah BAGHEAHI0RALY as
dm*trdfca fumion sp'rb’s@nias an ederable afmhlty)\taglvdmnegthﬁ CBIDels
red ?ene ure hows secr.etion of recorrb'évnant

RO s - p{agtl%cqhes usien pretgin (Hyraan SEAndX (J'&n)'nn
A{Hgﬁ) %?él?ﬁé tlQ %xgpﬁ’@dﬁ g%\/l cﬁitﬂ?’éé@dgﬁgﬁg Wa?%@?s mgdt%ﬂm
o(rK bettisuctdhaelld) amd Whé etonylpteomgaforseluglsnpfrgm ehigire)

Jeals ate PACHNERH] SeRnaRsh i fLaph FRBLT 1T geD oM

0B Oh £k RIBABUCAD) IshAls MR HuraBidrat entin beads

I"agr I ni‘’ng secretion of CBD-tag
PR @nivs NaiOH) Rhe Icantrios (BePBX is ﬁb@%%ﬁtﬂ&&&@ted by
PCT/ US2005/ gﬁ5697 11 Figure 8 shows SDS- PAGE
Jilingq 8@8D- t agged human serum al buni n
(HSA— CBD) isolated fromcultures using magnetic
chitin beads added to the growth nedium at various
poi ntfgure 5 shiomtsuthe gG&Nnﬁ (nISACL) sxprigssion yegtals The

ﬁé%n?ﬁtddggﬁéﬁélsc'qqefg@ & DONR HRAsIHSRR RRL ATk

the mating factor alpha pre-pro secretion leader sequence that
resides in the vector. A polylinker containing unique restriction
sites is present to allow cloning of the desired gene.

Figure 6 shows secretion of recombinant proteins from K. /actis

Acts1 cells.

Figure 6(A) shows secretion of maltose-binding protein (MBP)
from Actsl K. lactis cells showing yields that are as good or better

than from wild-type cells.

Figure 6(B) shows secretion of an HSA-KICBD fusion protein
from Acts1 K. lactis cells and elution of the fusion protein from

chitin in 20 mM NaOH.

Figure 7 is a flow diagram outlining secretion of CBD-tagged

proteins from K. lactis cells.
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chitin magnetic beads that had been added as a nedi a
conponent 10 to the K lactis culture for 72 hours.
Lane 3 shows HSA- KI CBD obt ai ned from aut ocl ave
sterilized chitin magnetic beads that had been added
WO W0§041843ctis culture for 48 hours. Lane 4PEREHR05/035697
HSA- KI CBD obt ai ned from chiltin magnetic 15 beads
added to the K. lactis culture one hour before
harvesting. Lane 5 shows HSA-KI CBD obt ai ned from
magnetic chitin beads added to supernatent from cell

culture. Figures 9A and 9B show a carftegB Eﬁf‘ ho

chi t i Figwigh8tshow8DSRASESaP BB 5 QQ%ﬂN human
D i ) "
B RSl RSh: DY Fated Bym IS nghagretic
atHitial maddwadded to ahearewthirgldiumratadirious poirdaefi cal
treatment, etc.). 25 Step 2: Sterilized chitin beads
FHIYHEIFPWED -growt h medi um prior to inocul ation of
the mediumw th cells. During growth of the cell

culture the cells secrete proteins (open circles) that
are t dgoedl shiows motédulamweightl mariensi n (bl ack

o biLENEed STRWSHSARKIGHE sbErneRRAEh, Bhfadevs seafE
thrﬁﬂ'hr}ngﬁﬁbti@‘be%tcﬁoth‘éit HAld 56k apieicdt asltrmedid bempomahi
of the culture, WD 2006/ 041849 PCT/ US2005/ 035697 12

nimgties Kc /adtis cultieeatts EHROHIS ng bound CBD-t agged

tei t [
D et SheWa SR BRED SBrailr Bt adfatinbe FelifiiRd
baaeh- me8pARte: b&REMhat HadBede dddddntca desacks chittfefor
or nedium 5 Step 6: The chitin bead-protein conpl exes

A& hoslrgased from the magnetic field. Step 7a: If a

CBD that c di,s0¢] hEd A '

const a0 Aengfis HEAPRICHS BptafiEftol Enleiy Kl

f s a8 ebtheaX lactis culture one hour before harvesting.
Lane 5 shows HSA-KICBD obtained from magnetic chitin

beads added to supernatent from cell culture.

Figures 9A and 9B show a cartoon of how chitin magnetic
beads can be used to purify proteins from a dilute solution.

Figure 9A
Step 1: Magnetic chitin beads are sterilized (e.g. autoclaving,

ultraviolet light, irradiation, chemical treatment, etc.).

Step 2: Sterilized chitin beads are added to growth medium
prior to inoculation of the medium with cells. During growth of the
cell culture the cells secrete proteins (open circles) that are tagged
with a chitin-binding domain (black circles).

Step 3: Secreted CBD-tagged proteins become immobilized to
the magnetic chitin beads in the growth medium.

Step 4: At some point during the growth of the culture,
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eluted fromthe nmagnetic chitin beads. 10 Step 7b:
Dependi ng upon the desired application, harvested
proteins remain i Mmobilized on the chitin nagnetic

beads indefinitely. Figure 9B 15 Step 1: culture
wedoewnisacki ng magnetic chitin beads is i noRUI/H$2005/035697
with cells. Step 2: Gow nd?cells secrete proteins

(open circles) that are tagged with a chitin-binding
domain (black circles). Step 3: The culture can be

ChiyneticahigglBeadsecantanng rbdmmacamtagm brd)temas ave,

floccul ation, allow ng cells tIe Vi t etct
netic

asrparstes from calisand gepwEh ﬁ gra

C r?nto%r 2 t BShLC ch|t| n beads can be added
HJF@L&{OI 'mto t' ¢ ?uréJSStep 4b: Magnetic chitin beads

gdde(sdttagk? hBeadsairedNagimd withud desiredebliffier opnailidps.

a an CBD-t agged ote ns are eparated, fr

cel | StgRPorThe S'Wi%% tﬁl Si e rerlr%@sféﬁ from
fﬁhﬁqﬂn&%et{g@@g' lize the beads. Step 6: Beads are

esired buffer or medium Step
Rel eagteptTee dhiat CBDbivad -gande dissesiaieed feant Eblﬁiﬂt Iseuseghin

i BT RO e
'élu't'? r;?mrth‘é‘)r?t%bh@%'&ﬁtlﬁfbefaﬂg fusion protein,

puri roteins are el uted fromtherranetlc chitin
bead§teBtB¥> ghepargingdina) U}ﬁ)ﬁegﬁ@ @&pplicafion, harvested

Ilcatlon har [ vest t H‘gé%lllzed
0‘5 QR0 crrﬁrf'?lﬁ’ \PRYITE ﬁ%edoggc%g &{'@ﬁ{ﬁsgﬁéﬁy Igure 10
(Fﬁ}jeﬁh .a magnetic rack suitable for separating
gagﬂetl c beads froma preparation in a mcrotiter

is
Figure 9B
Step 1: culture medium lacking magnetic chitin beads is

inoculated with cells.
Step 2: Growing cells secrete proteins (open circles) that are
tagged with a chitin-binding domain (black circles).
Step 3: The culture can be cleared of cells (e.g. centrifugation,
filtration, flocculation, allowing cells to settle by gravity, etc and
Step 4a: At any point during the growth of the culture, sterile
magnetic chitin beads can be added directly to the culture
Step 4b: Magnetic chitin beads added to the cleared spent
culture medium. |
Steps 5a and 5b: CBD-tagged proteins are separated from
cells and/or growth medium by exposure to a magnetic field to
immobilize the beads.
Step 6: Beads are washed with a desired buffer or medium.
Step 7: Release the chitin bead-protein complexes from the

magnetic field.
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10 Figure 10 (b) shows a magnetic rack suitable for
separating magnetic beads froma preparation in a

m crocentrifuge tube. Figure 10 (c) shows a magnetic
rack suitable for separating 15 magnetic beads from a
woepavoatsyon in a standard 50 nl | aboratory PCHKIES2005/035697
Figure 10 (d) shows a magnd8ic rack suitable for
separating nmagnetic beads froma preparation in a
standard 250 m centrifuge 20 bottle. Figure 11 (a)

shows Qq-giggr 3LAEBB thdbEBhH Ufssetrtbd Fragnetitinos alsed
sui table " for separating magnetic beads froma

nineqoaTsttuation of the fusion proteise Pusifiedaprataing aresluted ps
1 and  2: An el ectr.omagnet probe (dark gray) is
sfﬁﬁ'ﬂ?eﬂkeeﬂ"qgfﬂe&'cacg?'g\?ﬁ%adfésseI or fermentor containing
pr ot eigtep MU AdrRAg iupdRETetesirbe applicgtian) haBregted
3: The ePectronagne(_ls turned on and the etic
bpradieinsoepnaini immmbllhzgéidoraﬁhet@lféfmm&%@“@g%%aép 4:
Thaﬁfl Pté romagnet (turned on) is renoved fromthe

g’P IRGessel or fermentor thereby isolating the

magneti ¢ beads. WD 2006/ 041849 PCTI US2005/ 035697 14
Figure 11 (b) shows a diagram of a tic devic

su't e 184pasnANagRadnalty casle SPRARLE tar R4rAERe

o] fer tar r |, isHEf f | uent
RS TR 50, A Rt BT I e mirskREr sk TS
and proteins bound to magnetic beads (gray) flows from

ovi Ei0UTS, B (b) ShelaHRENELS SarReHRRDIR (o oar ot

Cr?n%@@%‘cii:%a%gs #Bm §! 5t gb%'@@ﬂ% OfniéroceABVRRYectube.

pernmenant magnet se tes the 10 magnetic beads from
the remaining effluent. Step 3: The cl eared effl uent

f oWSFi l?rset 16 Qg) Eﬁgb‘v?é ?nagnetic rack suitable for separating

magnetic beads from a preparation in a standard 50 ml laboratory

tube.

Figure 10 (d) shows a magnetic rack suitable for separating
magnetic beads from a preparation in a standard 250 ml centrifuge

bottle.

Figure 11 (a) shows a diagram of a submersible electromagnet
probe suitable for separating magnetic beads from a preparation in
a growth vessel or fermentor.

Steps 1 and 2: An electromagnet probe (dark gray) is
submersed into a growth vessel or fermentor containing proteins
immobilized to magnetic beads (gray).

Step 3: The electromagnet is turned on and the magnetic
beads become immobilized on its surface.

Step 4: The electromagnet (turned on) is removed from the
growth vessel or fermentor thereby isolating the magnetic beads.
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separation device. Figure 12 shows that secreted

d uCG-CBD fusion protein from 15 Bacillus circul ans
can be obtai ned regardl ess of whether nagnetized
chitin beads are added at the begi nning or during
wol20060at8#0Nn of the cells or after the cul t UP@E/US2005/035697
supernat ent has been harvedted. The gel shows anounts
of G uC-CBD that were obtained after elution from
magneti zed chitin beads by boiling in SDS sanpl e
buffer. 20 Lane 1: Control - unstained standard (Mark
12 - Invitro Carl sbad, CA); Lane C(ﬁ%pn trol

€] uCFigLUEelh%b)_éh@V\@ a diagrany9f & MagReticHe\iee &hileblep

é@gﬁi\&eﬁggggggk{a%l #09mh tﬁ? u'{@uewgtfé?rﬁgn%}‘ ﬁi’ Browth

o the cul nmedr um at
Slegzek|.0of incubation; Lane 4: Overnight incubation of
G uC- CBD transfornmed B. circul ans

ti .
ohi t SheBAETe Rt anba femansorar veescheanBiin Media,
f
RN B BRI oIRGBk erly) RuR o the
CfefﬂnentMMthrzukm‘oughta magretic isofaticnidediceo t he
super nat ent

R o e SO A AR .,
et Giidynet o?rhepY‘én'@va?é fBFABNaRAt Wb §hets@ptragesthe

e obtain in a series of fractions froma
a'hagnetlcdiieada frevettie remaininggffiueate- CBD was el ut ed

iw-”tﬂ See 1 sheuCal Sl R T prBF M adhéuc °, 10
antT lefeRideESCRI PTI ON 10 A process is described

e|n @gr concentrating proteins after their
secretlon into culture mediumfromthe host cells in

o e P4 BB R R R RS S5l e
BHIMELEirblylansidag b€ ldbtaireet rebardlﬂssaﬁfwhemer magnetlzed
chitinase. Chitinase-negative cells can be

chdiim begtdspre added at the beginning or during cultlvatlon of%he
cells or after the culture supernatent has been harvested. The gel
shows amounts of GIuC-CBD that were obtained after elution from
magnetized chitin beads by boiling in SDS sample buffer.

Lane 1: Control — unstained standard (Mark 12 - Invitrogen,
Carisbad, CA);

Lane 2: Control - GluC protein;

Lane 3: Overnight incubation of GluC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the culturé medium at
the start of incubation;

Lane 4: Overnight incubation of GluC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the culture medium 1
hr before collection of the medium;

Lane 5: Overnight incubation of GluC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the supernatent after

harvesting and centrifugation of the culture medium.
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15 genetic nodification or may occur naturally. It is
desirable that these chitinase-deficient nodified

cells can be grown to simlar density and at

conparable yields as wild-type cells. The host cell
wonosmitsnanstf ormed with a vector encodi ng a PEF/UGEA05/035697
gene fused to DNA expressilfig a CBD under a suitable
pronoter such that 20 relatively |arge anounts of the
target protein are secreted into production nedia by
the host cell. The chitin substrate may be present in
the production nediumor in a separate reactigon vessel

for peigunegl3ishovs gdistogsar in whichhampuntgiafluciferase

AP s et g o HsORSERY BhesalthBr
qhikiFeraseTOBDPWAL &l BtekPih Rén aderatatingt eshditiohbén fredtions
any of a nunber of ap

) proaches. For_exanple, in e
ehbe dionwith, the highest eckivity fetgddn fraekieng 3a4n%‘3fg gr ic
field is applied to the production nedi um
concentrating the chitin beads adjacent to a nagnetic
surface. O her enbodi nents include precipitation of

chitin 30 beads bé centri fugati on. The target protein
can then be recov I rated chitin
substrate. WD 2006/ 041849 PCT/ US2005/ 035697 16 The

term "concentrated" refers to a ratio of weight to
vol un® ptdassds$ idescabed derdin forhesnderdnating protains after

Aher saarptop i Suffutmmedii i Fied toehedaralk iRpkERnThe
ﬁfr%&ﬁ@&eé#ehﬂég Cethe gﬁséé&souﬁmzééafhéswﬁhgcaﬁiﬁft of CBD
econbl nant Staggd proteins is one that: |3,

fopdhites and cal beianhaneeddingsippcelis thalr de motisesrsts c

Biitasd: CilateihdaaV B EAh G B Bha R of 2
|erfdiREAtRY bPn&Y DecGehbt@eas. Ty id desivhblerthatand

G can efficiently secrete reconbinant proteins.
Thesadhitinaggedefitient meodifieskeeells gan beogpwidto SEBHEF e

y eintsiitry]/ag’ﬁd ia@Cclolﬁqggr'abqé %/ie%ygsr\ﬁhh%p%fcells. The host cell
can be transformed with a vector encoding a target gene fused to
DNA expressing a CBD under a suitable promoter such that
relatively large amounts of the target protein are secreted into
production media by the host cell. The chitin substrate may be
present in the production medium or in a separate reaction vessel
for pulling the target protein out of a mixture. Binding of the CBD
fusion protein concentrates the secreted recombinant protein on the
surface of the chitin. The protein can be concentrated further using
any of a number of approaches. For example, in one embodiment,
the chitin is magnetized and a magnetic field is applied to the
production medium, concentrating the chitin beads adjacent to a
magnetic surface. Other embodiments include precipitation of chitin
beads by centrifugation. The target protein can then be recovered

from the concentrated chitin substrate.
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15 conpetition for chitin-binding sites between

CBD-t agged proteins and endogenous chitinase; (ii)
elimnation of the risk of contam nation of
chitin-immbilized fusion proteins by endogenous

VIO 2006849 and (iii) elimnation of degradat PEHUBX005/(38697
target chitin matrix by edfogenous chitinase. 20
Sui t abl e host cells include production |lines of

various insect cell cultures and mammalian cell 1ines
as well as yeast production strains and bacteri al

cell's._ 25 Exanples of cells _from which

oteins a

secr etldte fym "BQP%%QWQ neferst i JREO; ‘ﬂ{:‘fvﬁlﬂ?té‘) %@Pme
[

3?;"&%. e & P?B?&di fi® ha £8ekh! Hcopes ,ﬁpa%%ggcgfagrwﬁﬁe the

smecedare.Taxus speci es Cat har ant hus speci es,

Ni cotiana species, Oryza species, soybeans, al f al fa,

tomatoes, etc.), fungal 30 cells (e.g. Kluyveronyces

SHichétloﬁa&fcﬁ {OPMEEH RREAL 88t cRitiiise esPREsRin
specl es, arrow a speci es, ur ospora
speC|es MD 2006/041849 PCT/U82005/035697 17

Speci dne bErRBEl s il hobiar LR  Reyiidoceus

Srl@%@hﬂﬁna@@msljuﬂé gE@PFbRSNS %bhbaﬁn@tspﬁ%r@ﬂuces no
Magnaport h speci es Trichoderma species, etc.

mku*aatbnadlngs preteins sf ghiinalytic gtcwtyenh% wauldchopl usi a

torfaimyBotg [RRER e eef s 3L ol prfte PR HRKfeain

IbS(u)“BHQ@&étblé oﬁ&ﬁ@@i&gqﬁbhs@ew&a-@ey oelcugturegbnd. (iii)

These cells may be grown in cultures ranging from
ey efficiently setiateSecomAINanY PrREING| THEAAVRNIERJES of a

|
B S o e NI e 4t o
Qmmbetklls’.en&oﬂthttm-hlmnm Séﬂieﬂ lpstwddre Q?&ag?etﬂ ﬁ'bﬁqms
enus K uyveronyces according to e i 0 e
|5rm9ﬁ'f‘¢6% NP¢$ %5"’@?@ }(8 &gl Q?t'Qqu!"?rz@‘tF %E\Pzn der
é@g&e#ﬂ?gp& YratHign-infifobMzed fubYorlp RSBy Riidogenous

chitinase; and (iii) elimination of degradation of the target chitin
matrix by endogenous chitinase.

Suitable host cells include production lines of various insect
cell cultures and mammalian cell lines as well as yeast production
strains and bacterial cells.

Examples of cells from which proteins are secreted for
purposes of manufacture include E. coli, Salmonella species,
Bacillus species, Streptomyces species, etc.), plant cells (e.g.
Arabidopsis species, Taxus species, Catharanthus species, Nicotiana
species, Oryza species, soybeans, alfalfa, tomatoes, etc.), fungal
cells (e.g. Kluyveromyces species, Saccharomyces species, Pichia

species, Hansenula species, Yarrowia species, Neurospora species,
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15 New York, NY, p. 224 (1987) and include K

mar Xxi anus var. lactis (K lactis), K nmarxianus var.
mar xi anus (K. fragilis), K marxianus var.

dr osophi | arum (K. drosophilarun) and K waltii and
WOI2806/0484¢ ai ns cl assified as Kl uyveronyces i RCT/HE208{435697
20 In those host cells that7naturally secrete one or
nore chitinases, a chitinase deletion nutant can be
made by a genetic nodification. Genetic nodification

r ;félgilh% Qféti@i, BevmRlRs® spaciess Wabd/idatspetiesiel et i on
or addition of one or nobre bases in the targc(gt ir?uesne'

SoZoSRACHACAMIYERS SPERIaSe BYPEIGASGUS $PECtES Y’

i | X j i r |4 .
RSP el Doy Sr R Rl s
a0y iingedtheeliso®. gc 69 gells, Sftt2agelis, cTrdwnl/esia siuctisas

RO .
 Braspphignesian et agratmai i (5 BaaTHErMeEh

. f _ v
Vlﬁ{ésOHLFeLaluéekﬂH,m celisO Bk eéné,,o*]gegﬁﬁ cefls DhER-ep ¢ells,

f'or"éxanp a t1ng agents: ] _
netchanthes@behaneay BeRyrowh imechitbres ramging- ikom microliter

ni trosoguani gj.ne, N-nitroquinoline 1-oxide (NQO,
BYolrmAsHo ﬁbﬂ%@?efo‘(féf'ﬁlﬁfmg PCT/ US2005/ 035697 18

agents, intercalating agents and the |ike.
Furthernore, the expression of the tar&(‘et gene nmay be

suppr &sKhtyvieyomydielsyspesigsist usesd here te ddighathbewi ng

t he chitinases and/ r t :

R it Fehia R0 Bin BR Fastioifd casily separated
e iluregSTRaY s obehe kienuseduhyessmg ces according to
di sruption. An exanpl e of gene disruption of chitjnase

iemppdiments of thesinvantion induduithe veasky as Safinad BY
The L ri i.n x\zm'rqI( j | :
a\ﬁﬂ HEBW%t ?@iéﬁf%\/eé%ﬁ'\lybgs épe%dgzygﬁgaﬂ nmé)%\a{lerrpgf e
INew Ytk NYaSR: 24 € 1987 dinddinkludes Kp nvarsianiis vapt kadtisn
an industrial K lactis strain :G&ZQ%} t,/h%t I!{;refer_ablg
| (e Hactifle KK mpgsianysan Srapiaiis o< 1RE!IH s FugtPeHany
QEFUrESbWilarum (K. drosophilarum) and K. waltii and other
strains classified as Kluyveromyces in the art.

In those host cells that naturally secrete one or more
chitinases, a chitinase deletion mutant can be made by a genetic
modification. Genetic modification refers to any of suppression,
substitution, deletion or addition of one or more bases in the target
gene. Such modifications can be obtained in vitro (on isolated DNA)
or in situ, for example, by means of genetic engineering techniques,
or alternatively by exposing the host cells to mutagenic agents,
such as radiation (X ray, gamma ray, ultra violet rays and the like),
or chemical agents capable of reacting with various functional
groups of the bases of DNA, and for example alkylating agents:
ethyl methanesulphonate (EMS), N-methyl-N'-nitro-N-
nitrosoguanidine, N-nitroquinoline 1-oxide (NQO), bialkylating



10

15

20

25

30

substituting a portion of the chitinase gene, for
exanple, the first 15 168 am no acids of the naturally
occurring K. lactis chitinase gene wth a selectable
mar ker gene such as (418 resi stance cassette. K
W@ edos841638799 Actsl cells were capabl e of acHGWSAYPSPOIEI7
sane high cell density as #ild-type cells in culture
(Exanmpl e 2), 20 producing no proteins with detectable
chitin binding or chitinolytic activities (Figure
bnt@NAt&RH|AirRPHEEAR hbid Therlikee Auetiriono=etthepr ot ei n

igure 6). This strain proved well suited as host
expression of thefacget geuemALRE TRPESHRLEY, Ying part
For, pr {] eShitihbed j I
ohtpPrBdle RichdHERRRInherEs AT Al artiofine |

$idAdchiptivngh peeiotdensgion. as  wil d-type cells in
culture despite the Iack of secreted proteins with
detectable chitin binding or chitinolytic activities

and  Bes GerRkicmbaficARHIEN blsoBe ubtairieecoyiyemnt

pr ot ei h. € chitinase-negative 30 host cells may thus
RigsruBeidni. NAH exaenp et ofgene digruiptiosnef ghitiakeeipprovided
2006/ 041849 PCT/ US2005/ 035697, . urified '

i Garmalol§ Facchluyyecemyees tactisy T oo af e fifthe
it . g - 3b tdhicidrav e
ie%g@@ﬁgﬁggf&lly%@“éggg%n andﬁﬁ}sve of vegt or s' for
expressing and secreting high levels 5 of protein in

Yoast I baMiEdora BB dfng APl RiiTp' Ras

ygﬁ@%%m%% ihd028ialar /2B &tHINUS GA98H th&i9p refeBably
. , 891, US 5,876,988, US 6,051,431, US 10

eadlasthisk, /adtisekifes pasnid.Jhe disguplian gegugesl by

| L.cation Seri al : , f
enpetEing & ekl of i clitindse ddne, R SRRy RiaRS:
W@ 4rmiifo ariyscof w?gt%mwth deureabK. kastid dhitingsaigene
over - expression in accharo cereyvi si ae
i ameﬁatt@bé@)manw.genepgm ﬁ?y@% .re%@@%ﬁ%%k%ﬁv%
of episomal shuttle vectors for this organism are

pPRS413, pRS414, pRS415 and pRS416. Aut ononously
K. lactis GG799 Actsl cells were capable of achieving the

same high cell density as wild-type cells in culture (Example 2),
producing no proteins with detectable chitin binding or chitinolytic
activities (Figure 3A), and could abundantly secrete recombinant
protein (Figure 6). This strain proved well suited as a host for
production of recombinant CBD-tagged protein.

For production purposes, it is desirable that a chitinase-
negative mutant host cell will achieve a similar high cell density as
wild-type cells in culture despite the lack of secreted proteins with
detectable chitin binding or chitinolytic activities and these cells can
abundantly secrete recombinant protein. The chitinase-negative
host cells may thus be used in fermentation to efficiently make
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replicating vectors in Kluyveromyces include pKD1

(Fal cone et al., Plasmds 15:248 (1986); Chen et al.,
Nucl . Acids Res. 14:4471 20 (1986)), pEW (Chen et

al., J. Ceneral Mcrobiol. 138:337 (1992)) In
widbbdsioarssd 0 full pKDl vectors, smaller vect orGI/US2005/035697
containing the pKDlL origi®and a cis-acting stability

| ocus (CSL) have been constructed and used for

het er ol ogous protein expression in K lactis (Hsieh,
;g.‘@[ d PORImbMant Protbins BinkiedctoNGBD dithar ditebtly tB98R)a

er epl somal vectors also rep |ICﬁte i.n K I?Ctl%.
Ainkexsraptidecar fipking gwrpical gsavps tapk haveipdysigial utility.
aut ononmously replicating sequence (ars) has been used
for expression cloning of fungal <cDNAs in K lactis

(yadigfleindVLisg oBsiegtmisSor expabssifg airet & img high levels
echniques 13:87-92 (1999)). Additionally, vectors
cafrprateini ¥ea K. | actis ARS sequence (KARS) have

been used to express fungal a- gal actosi dase
(Bergkanp, et al. Curr CGenet. 21:365-70 (1992)) and WO
2006/ G691 GF/dipra8&50035R0TTs B anpumyeastsriicase

o il bl 24380 138 G s

6 6436 LEB6 d
9&@%@959(??9% |§g ﬁ)%g?i aPSL%OS@GGﬁ/ngLOg%ﬁ 15(2%10?13 E‘F asm dg "

t@aﬁsal%) USe@,rSdtSeZIBSnUS 5165 GBASrANcHY). S kApplicalig Serial
The e 0 conta I t f th
140+ ET A AZ5 o KIE e RSsnst pr oot or 1 1) DNA

encodi ng a secretion | eader sequence (|f secretlon of

the protein into the nediumis desired) |||%
gene prmdsmgnt\ﬁwtmsdeer €Xpgengupy 5@%6& ,)Y§p24 is

transcri erm nat or

R L e 5%%33%@%“38%%965@'0“ n
@Wahﬁ/cég%elévkxa@ Qe W)ERgiandiBiethbsy IacpII@smlch
vector in"E. coil then transferred to %ﬁ%ﬁ cells to

ddA) e\@ther examples i enisemal gButde yegkorsol thiz,erggnism
raelfeeélﬁgglg? pRE41A R M GhE FRS416. Autonomously
replicating vectors in Kluyveromyces include pKD1 (Falcone et al.,
Plasmids 15:248 (1986); Chen et al., Nucl. Acids Res. 14:4471
(1986)), pEW1 (Chen et al., J. General Microbiol. 138:337 (1992))
In addition to full pKD1 vectors, smaller vectors containing the
pKD1 origin and a cis-acting stability locus (CSL) have been
constructed and used for heterologous protein expression in K.
lactis (Hsieh, et al. Appl. Microbiol. Biotechnol. 4:411-416 (1998)).
Other episomal vectors also replicate in K. lactis. A plasmid
carrying both a centromere (cen) and autonomously replicating
sequence (ars) has been used for expression cloning of fungal
cDNAs in K. lactis (van der Vlug-Bergmans, et al. Biotechnology
Techniques 13:87-92 (1999)). Additionally, vectors containing a
K. lactis ARS sequence (KARS) have been used to express fungal a-

galactosidase (Bergkamp, et al. Curr Genet. 21:365-70 (1992)) and
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Whereas shuttle vectors are preferabl e because they
can be 20 prepared in E. coli prior to transform ng
the host cell, the present enbodi nents are not
limted to shuttle vectors. For exanple, DNA fragnents
wapelsloe1ses i ntegrating into the yeast genonCTERIPI/0BE7
constructed by PCR or Heli@hse-Dependent 25
Amplication (HDA) and directly introduced into yeast
cells. Alternatively, expression vectors could be

@?@W@'o@é nPYlasé (StGsestepk Fur. a@iechemotligdr 608ar0E.
coli or directly in yeast cells. Overexpression of

{1886)hs in Kl uyveronyces and nore 30 generally in
yeast involves construction of a shuttle vector
containing a DNA fragment with sequences suitable for

ﬂ! r ﬁclb'tﬁalr w&aﬂ@%aéw&@gﬂaw&zawm@m’z genbme. For
| -level transcription of a _gene. o Interest. u n.
eraples Uso B, 607 682 S Bedis, 160 . ApRisREonREdval
8 LA A0 K0 IFRE R BE N REg eREd ] 81 genome of

Mipedicinpcesan epi somal plasm d such as pKD1-based 5
vectors, 2 mcron-containing vectors, and centroneric
vectors. The secretion |eader sequence (if secretion

of thenal\U&bPshBLR EftainTBEIeHBE GhdlBFimEed offtve

g
include a S cerevisiae a-M- pre-pro secretion | eader

rf_ekb(bwltifg: (a)hﬁ strongkpeasit pronotesy KA} JNA enseding @on
Seehlof Tt e sEr bR R R LSS
hbdRim tié”élie_gidrﬁhgf‘ﬁ'ii) Qﬁ@tde%@ enéb("jdiﬁg thegproteivety bei on

signal peptides’can’ al so be used. Alternatively, a
sxpresserty (iehddranseription nie@ter saauaRcScand (V) a

| t t hj [ '
Jesot aaisniap ferkE Gebf, the BRI Pororsn®s pre
Qgﬁﬁ%ﬂ?téééénﬁle@iﬁ@él&ﬁﬁiﬁ&lédﬁor & eviietheni wansferred to
their introduction into yeast cells for expression.

east eells e shiaveppeefsinpreduction: Mestors ¢f thig type are
wi_ld-type PL n dversely affected by the
é’@%%ﬁ%&gﬂ%@"%&%ﬁég@%% of protein from genes under
control of PLAC4 in bacterial host cells such as E
col t

Whereas shuttle vectors are preferable because they can be
prepared in E. coli prior to transforming the host cell, the present

embodiments are not limited to shuttle vectors.

For example, DNA fragments capable of integrating into the
yeast genome could be constructed by PCR or Helicase-Dependent
Amplication (HDA) and directly introduced into yeast cells.
Alternatively, expression vectors could be assembled by cloning

steps in bacteria other than E. coli or directly in yeast cells.

Overexpression of proteins in Kluyveromyces and more
generally in yeast involves construction of a shuttle vector
containing a DNA fragment with sequences suitable for directing
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20 This pronoter activity can interfere with the
cloning efficiency of genes whose transl ational
products are deleterious to bacteria. Puc4 variants
with nutated Pribnow box-1ike sequences can be created
B WP§UI4P r ect ed mut agenesi s that subst ant i aPFY/URREAPHY7
25 their ability to functi dh as strong pronoters in

Kl uyveromyces species exenplified but not limted to

K. lactis. These nutant pronoters function

shigti-Evel didnscaiption of argeane: ofcinterest L infredietiaiyinto

|bnowboxI| e se ces i n_w e 30 The
éwem& Btk Or EXATIE, Poertathf HictieRat 7000 o

Rﬁhbféﬁfo?rbroﬁelﬁeé HeRBiod indfeAdalhéR r@fsel@m@n@n m)re
nucl eot1 des i n WO 2006/ 041849 PCT/ US2005/ 035697 22 a

viniteigragpee Mns:domrean episamahpkaspudi suaht asPKhe-based

h . .

Jesioes onpaictubbtau SRR st dod SRR YR, The

Cgédreaaﬁ |Ba8&F sééu@iﬁcé’m@écwamraef sheé protaihdnta elde as
lows: (a) the -198 to -212 region_of the pronoter

fmechalxmmﬁl@%lfe®d§!ab’ ipeldeg £, ceroyisiae agdF RreEgRro - 209

R 5GP B B 0 B e Becrecon

pﬁl@ﬁﬁt Béptlaeg(e d.¥fuySerdycéda-mbiing factddpreqgioon of
hé pronoter for exanple at 10 positions -139, -140,

ng:retlomfslglaalldpemﬂdE,dléluytVler@lmgearhl|lei1 toxin isigrealfrentide)

e Sy ettt SRR igREH hdddes Bhn Gido bRRR® 19 7212
hmérrcbtwagvé eyecrw@n tezddrechri batorarted s;tcsnctheaa@:tbp
cerevi si ae SC %(.‘Pr onot er

rdp@@eﬁh@g‘ tprmcmave @euém QWE%?IOBfOtheI @\%\‘i'r profein.
15 These substitutions are described in detail in US.
Application Serial No. 11/102,475. An exanple of a

t ransx sttt vieetor Aigdws feretheepraspagatiori € ¢lonétDgéhes in
yeast - sel ect abl e marker gene can be for_ exanple a %ene
t begtedigrpaeisto élaelgﬂatr@éwaoarﬂn%vﬁwowlts @’ Prezgipn.

i me
Wg\?v%gllé?{ gu%otte i ?E{&Z" %&&3%5 RIS RSP BTBREA be
adversely affected by the serendipitous expression of protein from
genes under control of P,,., in bacterial host cells such as E. coli.
This promoter activity can interfere with the cloning efficiency of

genes whose translational products are deleterious to bacteria.

PLaca variants with mutated Pribnow box-like sequences can
be created by site-directed mutagenesis that substantially retain
their ability to function as strong promoters in Kluyveromyces
species exemplified but not limited to K. /lactis. These mutant
promoters function substantially as well or better than the
unmutated Pribnow box-like sequences in wild-type Ppaca.

The term "mutation" is here intended to include any of: a
substitution, a deletion or an addition of one or more nucleotides in



10

15

20

25

30

ura3, trpl, his3, lys2 and the Iike) or an acetam dase
(amdS) gene. Expression of acetam dase in transforned
yeast cells allows for 25 their growth on medi um

| acking a sinple nitrogen source but containing
WoeDEmBd? Acet ami dase breaks down acet am deP€WUS2005/035697
anmoni a, which can be util i22ed by cells as a source of
nitrogen. A benefit of this selection method is that
it enriches transformant popul ations for cells that
*‘@Mﬁld'—f% PNreseguendd.i pl e tandem 30 integrations of a
PKLACL-based expression vector and that produce nore
recorrbl nant protein than single integrations (Figure

above ag&ggﬁ%‘e})ﬁ g &t%F'tHé%R%heéﬁﬁi% ﬂ?rﬁgglh&(pressmn A

ors contal ni nf
st is *@ﬁéryelaaswmmbnompcmﬂz‘ea-andwheymtempwgst is E.

o i A
LSRR Ly beglll 6F hO'LRARRIES rbERaiipRe Kt osRio co01,

rans 1 on O nt host cel
a42@3 SQDSr?GIBBW I-zoeluami:tzl(pmot mmsmaeuallwnntauf@e with

m%ﬁ%%g”y%%mosar 10 fudetion 88 & §a8hg Shrat b
3199?99 Ir(%I) tRar11$4 té” hus*ﬂe@w& bPENE ProMmOtBR o éﬁérrtp!e &t

ovl di I Ng nprovenent over vectors
qmmomelma pmcépfmusmzzaede dsss nos spbstatiallus

876, 988, . US 6, 051, 43 US, 6,,265, S 4
e ferpoviastrong SromRtS ANy SrSETEhF P ags RE 222 dnd
Ut1 3 %cy ﬂésfreplo%%ﬁseqncafwa@éd (@ amgbtidegrdrmerer
s 1 nabl t o express (protel ns in E. coil thus

ewas atrea;eprmart@msrsés lsnftzai‘gbpr inte@&3 X 9f the S. cerevisiae

@&b?@?.w £ feRBRing B 1 o288 dRbIAT 0Bk, BYds Py -

dél‘ stﬁr@hbﬁsaef@ d@dr:be@ﬁﬁﬁ@éﬂﬁlhﬁwmrAwM@t}oﬁ Berial
aryotic cells (Mller, J.F. Methods Enzynol.

2%.37,51—%9761994) Hanahan, D. et at., Methods

An example of a transcription terminator sequence is TTiaca.

The yeast-selectable marker gene can be for example a gene

~ that confers resistance to an antibiotic (e.g. G418, hygromycin B,

and the like), a gene that complements a strain auxotrophy (e.g.
ura3, trpl, his3, lys2 and the like) or an acetamidase (amdS) gene.
Expression of acetamidase in transformed yeast cells allows for
their growth on medium lacking a simple nitrogen source but
containing acetamide. Acetamidase breaks down acetamide to
ammonia, which can be utilized by cells as a source of nitrogen. A
benefit of this selection method is that it enriches transformant
populations for cells that have incorporated muitiple tandem
integrations of a pKLAC1-based expression vector and that produce

more recombinant protein than single integrations (Figure 5).
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Enzynol . 204:63-113 (1991)). In yeast, standard

met hods for 25 introducing DNA into cells include
genetic crosses, protoplast fusion, |ithiumbased
transformati on, electroporation, conjugation, or any
Wohets/s8¢hni que described in the |iterature PEFUS2005/035697
exanpl e, Wang et al. Crit 2Rev Bi ot echnol.

21(3):177-218 (2001), Schenborn et at. Methods Ml

Bi ol . 130: 155-164 (2000), Schenborn et at. Methods 30
Mol Biol. 130:147-153 (2000) As regards

651 abITher P\ dRRFRES VEEETd T URG OGS Puscs have
esta | LAC4
é006/ %Aéé% %1@53 fg‘z% o%/é@??ﬁg%ﬁ rnrggﬁég i rtﬁég rét?ve sh uttle

Q@t@ér fo&&xan«sﬂla%ﬁ)aNKanuqa(mcmu $FEBsI|c@tl@l@|5eenal No.
182:

9 1985)), and
RN SSbe ek el WIIF R M iBdTBFan P D ey Sramy e
%eﬁ% %?fgr Phn&dr a'ilﬂﬁ?o?@&vﬁ%t@ﬁi Abseeelis aRUMaNY

erent sources, for exanp fungi, bacteria,
@L@Sémendyldimts$roteﬂ\n3ﬁ>¢3958mng| nating from a
chitinase may be used herein although 10 CBDs
separated fromchitinase catalytic activity are
pref egy, §dAtp6'n§9?oﬁ@érﬁa"mw 1 5/ FOSRDSt decritescstnatlee of
di sassocl a romchitin under non-denaturing
o@utiots c:mtad'nmgea emtant Anci fer usein yeassanddnorger ni t

BHEURI Rixierem s SRTADIT S oYt e Y gps

ﬁg%k/@mé%t Sdro@Bes aés&@e@w@atémmsw 859¢596) US

i's not reversible unless a nutation is _introduced

|Sjﬂd7t$&1,pUSt5,i8r76a%8&.e§Srfﬁ.lﬂ&d:ﬂﬁ1UU§ 626p186s%S U S,

Iﬁ;@éé OU§|%§\7 g%;’.cglil‘ﬁgg ?r Y progﬁggﬂrgéié%‘ntﬂh% utility

g’bP‘& ptésHibh Yn lyeashiof infodified 10804 mdr mgmwlhtwto express
sassoci ated under altered conditions suc

marotemsee Excatpthals aveiding proMems, ersiyjpe %‘F‘o?ﬂi%@ty in
undan ecreted endo- chitinase (KCBD),
Céﬁ P@C’ﬁ’ﬂﬁﬁhﬁgfgg@ way of an exanple to be an

effective affinity tag to allow for the reversible

i rmobi lization or
Introduction of DNA vectors into host cells

Methods of introducing DNA into host cells are well
established for eukaryotic and prokaryotic cells (Miller, J.F. Methods
Enzymol. 235:375-385 (1994); Hanahan, D. et al., Methods
Enzymol. 204:63-113 (1991)). In yeast, standard methods for
introducing DNA into cells include genetic crosses, protoplast fusion,
lithium-based transformation, electroporation, conjugation, or any
other technique described in the literature for example, Wang et al.
Crit Rev Biotechnol. 21(3):177-218 (2001), Schenborn et al.
Methods Mol Biol. 130:155-164 (2000), Schenborn et al. Methods
Mol Biol. 130:147-153 (2000). As regards transformation of the
Kluyveromyces yeasts, established techniques are described in Ito
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25 purification of alkaliphilic or alkali-tolerant
proteins. The KCBD can bind chitin in the absence of
the catalytic domain (see for exanple Figure 4D),
function as an affinity tag on a heterol ogously
wWoRoEHddo protein in Kl uyveronyces as exenpl PET/BIROFN3S697
Figures 4D and 613, and di2ésociate fromchitin in

NaOH within a range of about 30 5 mMMto 500 niV

whereas the CBD from B. ci rculans (BcCBD) cannot. WO

2808/ 94.1848¢Pfel/ 1@3% 689Y), Dorrehsretcdle(Catr. Gernt.
chitin for binding D Synt hetic_ or I

ob&:ut fl?@oﬁhl‘ﬁarhbﬁrﬁ Eﬂe(ﬁ%@ﬁ Lestersi 1R 99 ?]tséjé%@ %Ugi on
p‘{,hq({%g‘ggﬁ)p,@gp%aépbg fynt hetic chitin is acetyl ated

nmer i ze acet yl gl ucosani ne
nmonosacchari des, pol ysaccharides or oligosaccharides,
or poI yrrerl zfed gl ucosamni, ne m)nosaccharl des,
= =1 1ot &5 QR he
gl ucosamne is subsequent I y chem cally acetylated. 10
Exanpl es of naturally occurring chitin are chitin
deri vezBD rasna corrgioreamtl dfschitinase caoxtus bbtainedSromy many

¢ f
LRans Sowrcth fom Pl MG oRactES R, HER #0d iiets
SARS B %r@?natﬂ?@ ?l‘drﬁ%dchi'@m%s@%%y%e fse@twsreleakthoagh

substrate i's yrrer such as a p asti c.
AI:BBS mplavatteﬁ, from chitinase ¢atabdin activity are preferredyr Also

?chgg lguﬁegg S’Ehoa'%de thf égﬂs%%%gé@ﬁ?@i hptgm
aﬁr?déﬂ héSHdriituAngi ddriiitibRs Hmeﬁéhtff%ﬁftﬁeito@dntimdl that

uring fernentati on or may be used in an wunsterilized

fp;ermrt dindingdi Ngt AllCRRAs @r@tcanabé@ Of fésassgctating,gom

nt at | r r
U8 il ot R Ra iy g ERfidRiorts B8 mh el BE (Rans
@@EDUsihag tihtly to @ﬁﬁtrﬁdndﬁgmﬁitlmvb&adlia Uhkesshd mutation is
substrate for binding secreted CBD fusi 8 &5 tej n
introduced into the protein as described in U.S. % %
Publication Nos. 2005-0196804 and 2005-0196841. In contrast,
Kluyveromyces species produce a CBD that binds tightly to chitin

but can be reversibly disassociated under altered conditions such as

rslal

NaOH (see Examples 5 and 6).

Kluyveromyces produce abundantly expressed secreted endo-
chitinase (KCBD), which'is shown here by way of an example to be
an effective affinity tag to allow for the reversible immobilization or
purification of alkaliphilic or alkali-tolerant proteins. The KCBD can
bind chitin in the absence of the catalytic domain (see for example
Figure 4D), function as an affinity tag on a heterologously
expressed protein in Kluyveromyces as exemplified in Figures 4D
and 6B, and dissociate from chitin in NaOH within a range of about
5 mM to 500 mM, whereas the CBD from B. circulans (BcCBD)

cannot.
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may optionally be nmagnetized for ease in renoving the
target protein fromculture nedia. Magnetized chitin

is made by 30 conbining chitin with magnetic material .
The magnetic material nay be dispersed fragnents such
WO 10p41§4P | i ngs. In a preferred enbodi nent PREUS2005/035697
magneti zed chitin is in theformof beads although WO
2006/ 041849 PCT/ US2005/ 035697 26 the magneti zed

chitin may be used as a coating to an additional

material that may optionally be inert. Wereas in a
preferred errbodl rgent th(gI magnet |zed material is

used t hat have the properti es of (a) 5 bei ng capabl e
of binding a target protein or expressed as a fusion
Wit h tdymthatigasr matutelly ocarmrd'rr(gJ):httm nmy:bpam@ fofr binding

gch%lgérﬂ%mwp?m@rmfite :“IE‘Z%P(Q!HP{‘? 8F Dl e & scaialgd
%&E{(ﬁ% (y(ﬂ;pr oit el n. et@@g@%ﬁ%&%ﬁo&?@%&ﬁ%@ -
A it st ceeinesupariandinibrmrmtaiiiiiol
RPBASRCah AR dligbagCraTHass ahaonGantyblides At B
HEBAN S s SuEBANRy LREARly desbisdlsee T or

Larger 15 beads may al so be used.
The chitin beads may be solid (for exanple New

Engl a Bi of ab l.nc. .

oxanpitsarpes ety phriie Mt S SkEshyal from

(';@QB%H&I%O' rnéé(:t%%@kéfétﬁn@f offfdigall @l wafisrefrolyany
spersing iron filings throughout the beads or by

famurceknoyemisn Wheartn i ron core (by 20 coating the

iron with chitin) (see for exanple 5,262,176).

Al t hough the magnetized chitin used here is in the

for m gqihdemiein imayabe bheiopallgdnanbbilizedndn acsuisstratesges

and sizes of chitin surfaces are not intended to be

memr@@ddm Biguraghdin examnple of Fosldastsate 1 3 PAhumss sigh
4 5548 T B, TR 94 B SaHihaBl 1 ok or
example: suspensions, colloids, beads, columns, matrices, sheets,
or membranes. The chitin may be sterilized for addition to the
fermentation media during fermentation or may be used in an
unsterilized form for binding fusion protein at the end of the

fermentation process.

Generally applicable approach for concentrating any secreted
protein fused to a CBD using chitin-coated magnetic beads

The chitin substrate for binding secreted CBD fusion protein
may optionally be magnetized for ease in removing the target
protein from culture media. Magnetized chitin is made by
combining chitin with magnetic material. The magnetic material
may be dispersed fragments such as iron filings. In a preferred
embodiment the magnetized chitin is in the form of beads although
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froma culture (Figure 9B). Accordingly, it has been
shown here that nagnetized chitin beads can be
sterilized without significantly altering their

bi ndi ng properties. When chitin beads are added to 30
WOI2096{041%4dNn nmedi um during cell growth, it i sPCT/US2005/035697
preferable that the beads?2pe sterilized. WO

2006/ 041849 PCT/ US2005/ 035697 27 Typically, maxi mum

bi ndi ng of CBD-tagged proteins to chitin beads

(ﬂﬁegma@n%ﬁzeﬁt@ﬁﬁnl}ﬁawma 4bdd wisld costing toi amiadditidralr
at 4C,  however, other terrperatur%s and tlmeframea are

anaseriakihas rmay ppsionalivnke inerdpi Wheeses i fueieire
CnboMMERL R diietBRyiaténal isTRABRRLSEE ith, other
Emgeue?g mabbnfgalgmg¥rlmjusm ahet has%éutgmpemesmf(a)a
eaads | I .Nn ea o
csansbl o Diiding, Lrerast ProFem Srexaasee 45 7 fupign
(\ﬁitﬂ%% tr%n%%tsf)ﬁpce O,% and (b9 Hé%g%ébsswbpbmmﬁg%ra

‘on the‘chitfn nmagnetic beads
|mdleémallltthaty:a®Fbgmnag|9@;lze}t .ep 8b) or can be
di ssoci ated from chitin (Figure 9B, Step 8a) if an
elutable CBD was used as the affinity tag. 15 By

addi ngn B Bkl FRAInfdHt! hiadieddfed enitmdbedds (NeeEngland
fermentation vessel, a very efficient one step process

fBiolabss dmem Ipgwich,t MAY erepissdeion binghseengted CRR fleipaq

IFS‘S)E%{%: l %? tqf&h%&%%dggg #‘E]ea@%%% Ens ec ril? %gf ads formed

GBohi ageadidisthanm Gomesint diathetdpdrne dnrad\@ntage |n that
culturing, 20 and can be harvested di recqmé from

tbeyapass theughrsterdizing éiiter a5l (arny acoRiddni fBeF’@f patil

f t n

ARG e 1 pBENeY (Be 19 exalitey ss L 607 252 PRl
Mertsemay disd.belbsed aptheelaitiny beads esay batsadlice(for
magnetized chitin beads be sterili zed '5 ield
@mpleNaWCRNglRdBIoRS NGt IPSWish, BA)RY. Prons.(iokd

PP 02198 30) el er] MEBRERS Ay 156 i eized
by a variety of means for example, by dtspersmg iron filings
throughout the beads or by forming beads with an iron core (by
coating the iron with chitin) (see for example 5,262,176). Although
the magnetized chitin used here is in the form of beads in a
preferred embodiment, other shapes and sizes of chitin surfaces are |

not intended to be precluded.

Magnetic chitin beads can also be added to growth medium
during or after growth of a cell culture, or after clearing grown cells
from a culture (Figure 9B). Accordingly, it has been shown here that
magnetized chitin beads can be sterilized without significantly
altering their binding properties. When chitin beads are added to
cultivation medium during cell growth, it is preferable that the

beads be sterilized.
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protei n obtained when beads are added at the

conpletion of fernmentation (Figure 8). 30 A

conmpel ling feature of the present approach for
concentrating secreted protein froma large volune is
w004 1306/ 041849 PCT/ US2005/ 035697 28 uni RET/EBIWIN035697
The net hodol ogy takes advaRfage of the ability of a
chitin-binding domain to bind to chitin when fused to
an additional protein where the function of the
additional protein is not conprom sed by the presence
of the CBD. 5 By ensuring that the cells secreting

t.he
f usi oMypicailyi maxinmem binding ef «BR-tagged M@F@Pﬁ§°t%{}n

ind, chi.tin onpetjtiv i,ndi 4 ' ' o
st ibURofy TREPY el T 4B] WA, Gy RRi- T A Sace,

Grolebvgr, (tRefl esinpeeatires eind GBRffamesrarpraiseipossiblee

recovered 10 fromthe chitin bead can be achie ggéna

Rroheins isnmabiized fot magosticshitin haadsi 3@ hgr

d . td ol A h
npeEnREE A SRR I osaes Spt P ahd defegnie, ! e
UsirtenARating Sroteink emdagrowitts esdiom prevemhedcaway fgem
to rel ease_the grotel n fronb,th% CgD-ChIII n corirgl eX_ e
(the bemy (5gued IBuStspPe3, FHEIN De3dRYAteiHAAMRIEXGHEr

¢ . _ . . b
a0 e fh e sfhgetic BRI (Righe LETstePyyand by
Qfm@@%@l pFoteins caf aetraain )Kmmobilbzeﬂforaggi chisin ymagnetic

eavage site is_present het t . .
esAdoBasTBitehh (FIBYT S R SEROhat Ga b5 digreciates from
(6 U Tdutel 56,5586 BAY i6ah QbR CEmOERsl ped e 1 ©
viffinityetagt orm f or exanpl e beads. Were the magneti zed

chitinis in the formof beads, the 25 chitin beads
cont ai ni ng the bound CBD-tagged protein can be

har Ve%fggﬂi'?\gan‘f@i&izie@ dHighbheddshionseiiondm thé

desire e "CBD- tagged protein can be dissociated
ffleomentiationyessel; @lvenbstflcigrt ene step process for recovering

a target protein can thus be achieved. The cells grow in the
medium containing the magnetized chitin beads so that the
secreted CBD-tagged protein binds to the beads during culturing,
and can be harvested directly from the media by the simple step of
applying a magnetic force from a magnet external to the
fermentation vessel or as desired, internal to the fermentation
vessel (see Figures 9-11). This approach requires that the
magnetized chitin beads be sterilized. The yield from sterilized chitin
beads of a size of 50-70 um added at the beginning or during
fermentation has been shown here to be similar to the yield of
protein obtained when beads are added at the completion of

fermentation (Figure 8).

A compelling feature of the present approach for

concentrating secreted protein from a large volume is its
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i ncubation in an elution buffer (if an elutable CBD

was used). Advantages of this nethod include inproved
speed, cost 30 effectiveness and sinplicity. WO

2006/ 041849 PCT/ US2005/ 035697 29 Magnetic separation
wevésesissshat fit common | aboratory tubes ( @G/US2005/035697
96-wel |l mcrotiter dishes, 28ricrocentrifuge tubes, 15

m Fal con tubes, 50 m Fal con tubes, 250 nml Nal gene
bottles, etc.) are used for harvesting CBD tagged

rﬁ\fréﬁsﬁﬁti e %étﬁ&d@ildgyﬂtalt@ 3d‘t/anﬂég!ee(vatm abilitgrof aof
ture nedi um (Figures 3-6). roced s a
mmm;bnedmgaM@am gmmmcﬁhlm ? s ai‘fg%'ona‘
proteins, fro I f d
R e R L ?ﬁ?‘%’grﬁﬁi carth

Boniprorhied . by eiee presencesafitité @BD.cobal t, etc.), but
ot her types of magnets can al so be used (e g. 10

ferrltes ceram cs, electromagnets, etc). Use of the

expre &Ylﬁd ?ﬁ%ﬂ:’ frRdesid QQC@EHH ﬁ'@ﬂﬁd}ﬁ"}br@felﬁ do not

targe oma mxture i's required for
matt\ﬁél‘ymrudade psofins trlaatehtncbdmtm, icontpeiitive birding and

i ndustry. The |ist t

dnkamination savaied, BEL Bk (fbiodNlef bigwincpat gvidiyy-
Q%Qﬂglﬁ’g. lje'o%s\’l%'aypllcﬁég?c% fuvon ?%@tmh @6 haedculeered
super oxXi ae I Smut ase cat al ase, I'Ty' ases, [ i pases
a‘rmdxaﬂmchaglnybemd dandie amylleaﬁdﬁtherl by @a@@gmg the CBD so

shebanaiag can bRRYErsed Iiahr EanlrSfer Hopdtohs RO TERase
fcggt%g‘rsgirpgmd@ n ?ﬂ)Bh@SW 296] ar glitephativelyoag uisa1g an mtem

or exanpl e factor VIIIl, factor
\Meamgeaawstsm actpyotedsencleavage 10 relense @%HWT@@/ quﬁ

atﬁgﬁ@ﬁ- R cclholeX AL 2608 s Mlod iz ey saE o' )

cﬁflbﬁéfg{&e CB'Di‘t(‘::&tQﬁﬂae i @tgd Stomutle desired gpeotein
and the Ilkg TNF and the_li ke,

dry digestionayithra psetesse (Fa€i oBtaMRKINasE, dGNSRESSs AiBr s

I(Z‘SBEﬁ)h )%(ﬁ& gn‘o‘? Pﬁgﬂ{d@‘@ cloeﬁarvép@rﬁf@isebfében’f%tvfegﬁ the

CBD and the desired protein.

The robust nature of the CBD-chitin interaction allows CBD-
tagged proteins to rapidly become immobilized to magnetized chitin

in whatever form for example beads.

Where the magnetized chitin is in the form of beads, the
chitin beads containing the bound CBD-tagged protein can be
harvested in a magnetic field within seconds. If desired, the CBD-
tagged protein can be dissociated from the magnetized substrate by
incubation in an elution buffer (if an elutable CBD was used).
Advantages of this method include improved speed, cost

effectiveness and simplicity.
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fragnent or derivative thereof), apolipoproteins and
their nolecular 30 variants, antigenic pol ypeptides

for the production of vaccines (hepatitis,
cytonmegal ovi rus, Epstein-Barr virus, herpes virus and
WO208068841849 PCT/ US2005/ 035697 30 the | i KROT/URDISYBHT
chain antibodies (ScFv) or2&alternatively polypeptide
fusions such as especially fusions containing a
biologically active part fused to a stabilizing part.

5 Al Ma‘%jr%tﬁ:nﬁiﬁréi:’bﬁddé\h@efﬂhmdﬂbed)mmoastamatoastUbeS
u. S Provi si onal (fl ication Seri al 60/
{ec.696-696) aviorotites di $hﬁforf}3tﬁfat3%@fcrlf898|tHbS§ igff‘é‘} gﬁ@é’
gxﬁgg,qgéﬁpﬂ %IEX ﬂﬁr@g%syggyﬁhgg\laﬁén@%@ hé’t@*?) bR used

FoP A atind 0B c-eaggéd protding fitorares few mmcrolnter&So
Strains of K lactis and S. _cerevi_si Tabl e wer.e
rS@MEraidlt?r% of cultége imediem (EGUIRS (31653/&&&% B> 338,

RoRN§aRa1E 1 oty iRy REindoBD- Sg%éa?é‘%t?c“??h
D o e e e e P o1
SORAHTICTRR S10ih fape Speth MRk &0 NSORY U csa Pt o1

EBBRY =t S e Yk O e R A o] s

Ferrthes, n@l@rﬁ]cscmecz:samameas,[@@n i + p&K 2+] ATCC 8565
CBS 683 MATa fpGKl i+ p&Kl 2] ATCC 56498 PRY297 MATa
adel ade2 fpQKli+pGKl 2+] ATCC 46794 WD 2006/ 041849

RfsH HPRN0 ekBRaGIIh system

Production and separation of a target protein from a mixture
is required for proteins used as pharmaceuticals, in food or for
industry. The list of proteins for which fermentation-based
production presently exists or is desirable is very large. A few
examples include superoxide dismutase, catalase, amylases,
lipases, amidases, glycosidases, xylanases, laccases, ligninases
chymosin and the like, or any fragment or derivative thereof, blood
derivatives (such as serum albumin, alpha- or beta-globin,
coagulation factors, and for example factor VIII, factor IX, von
Willebrand's factor, fibronectin, alpha-1 antitrypsin, and the like, or
any fragment or derivative thereof), insulin and its variants,
lymphokines such as interleukins, interferons, colony-stimulating
factors (G-CSF, GM-CSF, M-CSF and the like), TNF and the like, or
any fragment or derivative thereof, growth factors (such as growth
hormone, erythropoietin, FGF, EGF, PDGF, TGF, and the like, or any
fragment or derivative thereof), apolipoproteins and their molecular
variants, antigenic polypeptides for the production of vaccines
(hepatitis, cytomegalovirus, Epstein-Barr virus, herpes virus and
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31 PRY298 MATa ade | ade2 [pCK1ll+ pCKl2+] ATCC 52735
PRY299 MATa uraA (p&KI 1+ p&Kl2+J S. cerevisiae BY4741
MATa his3d | | eu2AO netl 540 Research ura3A0 CGenetics*
6947 MATa hi s3di |eu240 neti 540 Research ura3AO ctsi::
wanddsd4Benet i cs* PCScl MATa hi s3AL | eu2A0 neaTIgRI@S/035697
This study wura340 ctsi:: R&nMX4 [pKICTSI] * Research
Genetics, Invitrogen, Carlsbad, CA Transformation of

K. lactis and S. cerevisiae was achi eved 5 using
RhEikeyPeindiie QﬁarnTéﬁﬂﬁb@féﬁ%ﬂ&v?for@ltématnvelvaoa/peptrde
sel ectéd by growth on YPD agar contai n| glmgt
rfusmnarsencéaes Sspedalhe usipAs CONSHIEIG AdHPLUIEAIl active

obt medi um (0.67% yeast nitrogen
§€%u @8%5§Q'&6$$§éa medi um (0. 67% yeast
n| trogen base, 2% gal actose) containing the

appropriate 10 suppl enents need dto co % strain
auxot AJprferencepsites albeve aadi P‘é’trraénwﬁ n@ ted K.

[ [ l6?t, S
R osfel AnslicaL R SEAN (S, 80/6 16300 ihd ¥ Eopp TS are
ehemporsiaed hdrdin by pefeyehamal anti - chi tin-bi ndi ng
domain anti body ((x-CBD) raised against the
chitin-binding domain derived from Bacillus circu/ans
chitinase Al (New Engl and gkAMPIES | nC. | pswi ch,
MA). 20 (a) Spent cul ture medrum was i sol ated from K.
lactis GGr99 cultures follow ng 48-96 hours growth by

SRR HAk il bl 4 S gl

separ at ed by SDS- PAGE on a 4-20% Tris- G yci ne

pol yacryl am de V\D 2006/ 041849 PCT/ US2005/ 035697 32 .
Ea H i@ cenditicns and gondifions, fardrangiormatio

transferred to

Strains of K. lactis and S. cerevisiae (Table 1) were routinely
cultured in YPD medium (1% yeast extract, 2% peptone, and 2%
glucose) or YPGal medium (1% yeast extract, 2% peptone, and 2%

galactose) at 30°C.

TABLE 1. Yeast strains used in this study.

Organism Strain Genotype Source
K. lactis GG799 MATa [pGKI1° pGKIZOJ This study
PCKI1 MATa ctsi=Kan® [pGKI1° pGKi2®] | THis study
PCKI2 | p1aTo LAC4::BeCBD-HSA [pGki1® | THiS study
pGKI2Z°]
PCKI3 | \ATo LAC4:KICBD-HSA [pGKi1® | This study
pGKIZ°]
CBS 2359 | a7 pGKIT pGKIZ'] ATCC 8565
CBS 683 | pya70 [oGKIT* pGKIZ'] ATCC 56498
PRY297 | v14T adet ade2 [pGKI1* pGKiz*] | ATCC 46794
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Protran nitrocel |l ul ose nmenbrane (Schl eicher & Schuel |

Bi osci ence, Keene, NH). The nenbrane was bl ocked

overni ght in phosphate- buffered saline containing

0. 05% Tween 20 (PBS-T) and 5% non-fat 5 mlk (wv) at
WOCOM188? obed with a- CBD poI ycl onal ant i bodPEBUS2005/035697
(1: 2000 in PBS-T containi ng!5% non-fat milk) foll owed

by a horseradi sh peroxi dase conjugated anti-rabbit
secondary anti body (Kirkegaard & Perry Laboratories,

o Cpersbur Ve 080, B 0 [P T

u/\uu LTV\IU

vi sual i zed lE{ﬁYr?gQQLuqnmIgl'Mai\e[p@Nn opGKlzﬁ_gent s (CeI I

el AT N e
cells- .- \Anrn arown .in VRO nmodi 1t far nL‘L o

Cells 15 wg%_”em) f B’ﬁ?‘@ﬁ@”aﬂuq’ﬂﬁﬁw o R’ésea'rcr:
centrifugatli on and thléa%té@ﬁiﬂné(éﬂMﬁﬁ"was t r ansf grFQNetics

a fresh tubh®GSuit ai NiMATALhisBA bifeuRdADemet16A@hed ghiihis study

beads (New]Engl and Bumdseots | MRanMXpEpRICTS M) [and

rmcubat ed roomtienperature wih genile rotatron tor

c]:* e %%qa& é@t%f %rir:l&gér?ld Qa&@ﬁ%@eﬁ%ﬂ%d}%@%‘e | 01? yWat er.

Approxi mately a 50 | volunme of protein-bound chitin
beads_was renoved and boiled in protein | oadin buffer

for 2Transforaetion ef i LdERRd & GeErYIS/agMasa

t

e e

@rbmhmVPBMgmmml?nng(am@G%xﬂ miffavhéfeas St e:t n
Cer e BEet Pt S duPS BREAIRRA NG BIWET A5 SR rrERdRm
I é 9,

L

¢feiast nitveges tmsedé_%rgajactoabbmentaM@Um @{pp8dpriate

PCT/ US200 /035 33 The Ki | b d. bead
SUBRIRTAE NeR0RY tpdoapPiamEnt SR SHHAOPRE. Lrt of

wat er. M ni col unms were prepared by

Detection and isolation of secreted K. lactis chitin-binding proteins

Western blotting was used to detect secreted K. /actis proteins
that cross-reacted to a polyclonal anti-chitin-binding domain
antibody (a-CBD) raised against the chitin-binding domain derived
from Bacillus circulans chitinase A1 (New England Biolabs, Inc.,
Ipswich, MA).

(a) Spent culture medium was isolated from K. lactis GG799
cultures following 48-96 hours growth by centrifugation at 4000 x g

for 10 minutes.

After centrifugation, proteins in the spent medium were
separated by SDS-PAGE on a 4-20% Tris-Glycine polyacrylamide
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di spensing 100 1.d aliquots of the Kl Ctslp-bound beads
into individual disposable colums (Bio-Rad
Laboratories, Hercules, CA). 5 A1 mM volune (-10 bed
vol unes) of the follow ng buffers was passed over
wopasE4es4p ni col utms: 50 mM NaCitrate pH 3. OpCBHUS2003035697
NaCitrate pH 5.0, 100 mM Gd3¢ci ne- NaOH pH 10. 0,
un-buffered 20 nmM NaCH pH 12.3, 5 M Nadl and 8 M
Urea. Each colum was then washed with 2 ml water,

agdIDaMthe Phih@deeatieaMeomp. ;L‘D/IdrﬁSraEa)GmI)whd trat@fetredfto
water, transferred to mcrocentrifuge
cRiiotean sifreselbioss n@@ﬁbf@'ﬁ%éﬁt:'i"@if:hqﬁr%t%mei'e%&ﬁﬁ'ieﬁ'ﬁe'
e i TrEpls{pftie, Had Bckin elerhghr i iRt
Bb@ﬁtféh’féﬁi salita commmr?h% aﬂ%b TWeen 201{PBS<H). %rﬁﬂ % chon-fat
proteins were separate 15 db
ok VAR 436 Shadisbect Vb GO RTeh S4B t@?. on
) 0Rge
2008 136 2 EGitetin B Sge Roh et Ml PFoilio bt 1 o
Ia I?Jor@%ra&?htpdrobmmzo ¢ @@gammana :pabenasecbraiawea;mﬂnmwn
ove and were istribute t
(HTkacRard. & BRrneLPRarathss. RaltRR UL D) ndcp UR
BT Eon a5 0F FRRCIL Al AN AARAY Edhriblexes
rwer@kuraﬂlzédgmimg)mUa’anld‘B‘ de@ckiog rfe@gentm(ﬁeblrﬁjgnalmg
di scarded. The bead re then resuspended in 100 | al
ofeqnalp@iese BeNeHYs concentration (0-40 25 mV) and

the eluates collected by centrifugation at 15,800 x ¢

for 1 mn. Chitinase activity in each eluate was
nmeasur(bil TasisotatersdosetecbpradginsTihatupindoehitin, Khdagis

a5 BBl W8RG oWRan e TR el JAP Recfodss egts

nge&% Féﬁbv@d'ﬁr&ﬁﬁfh@h@ltuﬂé sy URinitAfudatfaand thenspent ng
an ADH2 pronoter-(3418 resistance gene cassette

haedngnSﬁaSZramsferreKil orsfresistule eptaping 1 ml of water-
washed chitin beads (New England Biolabs, Inc., Ipswich, MA) and
incubated at room temperature with gentle rotation for 1 hour. The
chitin beads were harvested by centrifugation and washed with 10

ml of water. Approximately a 50 ul volume of protein-bound chitin

beads was removed and boiled in protein loading buffer for 2
minutes to elute bound proteins, after which the eluted proteins
were separated by SDS-PAGE and subjected either to Western
analysis with a-CBD polyclonal antibodies or to amino-terminal

protein sequencing.

Analysis of chitin-binding properties of K. lactis chitinase derived

chitin-binding domain (KICtsip CBD)

KICts1p from 20 ml of K. lactis GG799 spent culture medium

was bound to a 1 m! volume of chitin beads as described above.
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end. Wien integrated at the KICTSI |ocus, this

fragnment causes 5 replacenent of DNA encodi ng the

first 168 amno acids of KICslp wth the

(A18-resi stance cassette. Prinmers containing DNA that
WOBPI6M#BES t 0 t he ADH (A18 sequence (no undePGHHEYOSHRI7
having tails consisting of3K/ CTS1 DNA sequence
(underlined), 5 CCAGITAATG
CAACTATCAATCATTGTGTTAAACTGGTCACCAGAAATACA 10

ARRTI UrACHAAT A GTAGCABSHECRATICA DOAT ATeAAB M’

SEQ I D NO, 1) and 5' CCAAACTA ATCCCGTTGGA
e ﬁ%@@‘ml of water. Minicolumns were preEE%E%ryTTT

CEATFIRIGRN

R T e R B P annP Ty the

imallgws@%hblé_doﬂmm[@imm Laboratori_le_es, Hercules, CA).
- -contai ning vector p In DINA

potymbvalimeAniid pegwcﬁww};atq ¢ Tolowtng BUEETS % K

R yTABaT Bl ARG 50 A atnt et i 50,

taMNNagitiaETH- 5. 0e di0 mM &lyeing-NpOiHpH 10.0, un-buffered

5' - GGCCACAACAA ' [
20T NAH Atha 2 e s Moot ey o et so0BBo Ve
'{@éﬁrﬁ&sﬂ’éd WJ\ 25t %@W’ds(@&% ID

r'4) was used to anplify an "600 bp diagnostic DNA
freagspeniddd m266!yl oftwaterh dtansserredt joymicnacegEafuse t he

L BbRL g R SR Bl o ST e RS
'q@%ﬂémétg&ir?@awlﬁtédiwH}éiiiﬁg tABhdadd Mes0 ml of 3X

characterize Het er ol ogous expfession of KICTSI in
SDSMAGE $oadingdufer NewErgisndiBiobs; dnevi Ipsudcht HA)

LB A5 bk B By S PR gne

18 3268 i ned) (S
B A e A T CcoT M 5

(Sph I site underlined) (SEQID NO6) and cloned into
the B%”Eldt's% Qall!ltignl\ tp‘?%ﬁle using varying concentrations of NaOH

(0-40 mM) was carried out in a similar manner. Aliquots (100 pl) of

chitin-bound KICts1p were prepared as described above and were
distributed into microfilter cups (Millipore, Billerica, MA) that had
been inserted into 1.5 ml microcentrifuge tubes to create spin
columns. The flow-through was collected by microcentrifugation at
15,800 x g for 1 min and discarded. The beads were then
résuspended in 100 pl of NaOH at each desired concentration (0-40
mM) and the eluates collected by centrifugation at 15,800 x g for 1
min. Chitinase activity in each eluate was measured as described

below.

Disruption of the K. lactis chitinase gene (KICTS1)
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of pMA2O (31) to place expression of KICTS1 under the
control of 5 the

gal act ose-i nduci bl e/ gl ucose-repressi ble S. cerevisiae
GAL10 pronoter. This expression construct was
VOreew@dt$étl into S.  cerevisiae dctsl strai n RCBURPOHFS67
transformation. To induce 3production of KiCtspl, 2 ni
starter cultures were grown in SD nmedi um contai ni ng

20 ng uracil m-1 overnight at 30C, after 10 which, 1
m of Ael?(ck radedumethad wasedsed to rmonskatct 2bnedr PANA and

YPGal cul E
&ﬁwmw BT RISING Ot 0D BRI OtRa 8 s of
ﬁf ﬁéﬁé kg et?8 Hal¥iihg @o- Bblﬂé;s BRAGCTHI BIVALPBItARE
nmor pno y mcroscop

ogy Chitinase activity
rmals u\l\é‘rm’ntﬂe@]’ﬂtﬁdrﬁbth&;b’@f&h toduse $hiss fragmenicoguses

rr %% %Eﬁf’eé}argdﬁ@ c&@gjﬁ‘n&?@‘&t g‘g‘é}gwgﬁtagzﬁ% of KICtsip

%:fwmélekr@@'résﬁs@mde Bharete/| PANRR@NEdtainiAgi DINA(thYY
4- hyl unbel |'i feryl

ylsrncwz@:gi yme DHGHE seaurach e undsviing) @rdc?yving

met h .
ST SoRvBRG o MRS P sghagrd fhdentnedt 5
@Gm'hB(AWGE@IAGWETGAATCATTGTGTTAAACTGGTCACCAGAAATACA
_ ’ -tetraacet I-f3 Dchltotetraos g
AT RTCARAMATIATAATACTACCATBNGS CRECATERTAT COA G

ego, 25 Ch| ti nase

activ $§6\/\IE§R@)§ %ﬁn’mn?d gy mea)surl ng the rel ease of
£AMAATTAGTGT, MEGGWGMWWWCMWCQM@CGAA

B R T
(55 SO i e oy piessana

lﬁt&‘g‘rﬁént ﬁidrﬁ(lhegﬂgldﬂ Gnmﬁw-c?brﬁalmngl\tefcéoepGBNz using Tag
eri ment - | e. ' .
BAVA pobmerasa o Amaliehriodust Has fisec & bpBsrh i gt
@%éﬁé%n@%élé’ﬁﬁ%?@é%%@%@te@@Jna‘i?PDrﬁgarOéorﬂ:aMﬁwg 200

rel ease mn curves ma- Al drich

Gog |64 18ml L oWhxle )l %quun@@am‘ev'sméecmrfmrwabﬁs
h?ﬁg%g'prgéegﬁpf@ﬁ&ﬁéGEﬁGé Y %rE?i 8 Nf)oﬁrj (desighed
upstream of the integration site) and a G418-specific reverse primer
5'-GCCTCTCCACCCAAGCGGC-3' (SEQ ID NO:4) was used to amplify
an ~600 bp diagnostic DNA fragment from cells that had correctly
integrated the disrupting DNA fragment at the KICTS1 locus. Of 20
transformants tested in this manner, two Dcts1 K. lactis strains

were identified and further characterized.

Heterologous expression of KICTS1 in S. cerevisiae

To express KICTS1 in S. cerevisiae, the gene was PCR-
amplified with primers 5'-
GGCGGATCCGCCACCATGTTTCACCCTCGTTTACTT-3" (BamH 1 site
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5 M croscopy Approximately 1-2 OD600 units of cells
were harvested and fixed in 1 m of 2.5%(v/v)
gl ut aral dehyde on ice for 1 hour. Cells were washed
twice with water and resuspended in approximately 10
WOQoosto4rsmunt i ng nmedi um (20 mM Tri s- HCl pH 8. BCT/0S2805/085697
propyl gal |l ate, 80% gl yceroB}. In septum staining
experinments, Calcofluor white (Sigma-Aldrich Corp.,
Louis, M) was added to the nmounting nmediumto a

St.

fii : i m"1l. Cell [ d
R ) N cr oscope us) g“f-reg: 15
ACAEGEATEGITAGAAGARE A GTI GG GLELRAADARISAI I &
Sderlie (FER HtoR Id R RS B fsites
| SFSSVIWEI B (B8] €6 iphdcenegpiession] g KICTS1 @ndekdhieycontrol of
chitinase for quantifying by a mcr I\/br%an- El A)n
theegalactasecincsily/aliisess seBressie %, cereviciac GALLO
Euk : |2 = 2aroih H
I%@ﬁ%%&%bﬁ%r@éﬁgg@?ﬁﬁgﬁaﬁﬁw saﬁatct erlé‘ez‘gmtgns' 25 of
Keerepides Actilt sthapeRG608T7sby trahsformational Taundwesly

rai sed agai nst B. circulans Chi 1A chitin- bindin
edlLiotion. aEHO tsah, A4BkSTATaRUENESAVETS BFGWAHH SR s

of K. I LS. : ki ' odd if
Thefinm 2Hlahiet 2 ni g i YRriRfHesR s6oclaftir [y
GBS remd of kg chihddlturebivadiusgddmnimiocu lAtEi 2Qmel YRD and 20
2006/ 041849 PCT/ US2005/ 035697 37 Secrete rcﬁ_ﬁi ns .i
01 ¥PGal Cultubeie Fchaltuce Was orawBove midnbritnc sk nd

MROL Gep %?@&&géﬁq@?gwﬁ)th%&ﬁeﬁﬂfﬂee&éﬂﬂum forMitinase

polyacr yl s-glycine SDS gel and screened for
tpredpictionrared Belbimarptulogy-blyi micnegcadpyrai n by West ern
blotting with a polyclonal antibody raised to the B.
circulans chitinase Al chitin-binding domain (lane

éq)‘ iti g % i isliPerf@hes bound to chitin beads and
hmﬁ s IeélchTltiR{/ nt 0 SDS- PACGE | oadi ng buffer by

boiling for 2 )
Chitin oligosaccharides of 1-4 GIcNAc residues and each

derivatized with 4-methyl umbelliferone (4-MU) were used as
substrates: 4-methylumbelliferyl N-acetyl-p-D-chitotrioside (4MU-
GlcNAc), 4-methylumbelliferyl N,N'-diacetyl-B-D-chitotetraoside
(4MU-GIcNAC,), 4-methylumbelliferyl N,N',N"-triacetyl-p-D-
chitotrioside (4MU-GIcNAGcs) or with 4-methylumbelliferyl

N,N' N" N'"'-tetraacetyl-g-D-chitotetraoside (4MU-GIcNAcs) (Sigma-

Aldrich Corp., St. Louis, MO and EMD Biosciences, San Diego, CA).
Chitinase activity was determined by measuring the release of 4-MU
using a Genios fluorescent microtiter plate reader (Tecan, San Jose,
CA) and 340 nm/465 nm excitation/emission filters at 37°C.
Reaction mixes in each well of 96-well black microtiter plates were
100 ml and contained 50 rhM substrate, 1X Mcllvaine's buffer (pH
ranged from 4-7 in different experiments) and 5-10 ml of sample.

Initial rates of release were recorded and enzyme units calculated
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m nutes prior to separation by SDS-PAGE (lane 2). 10
To test if any of these proteins were able to bind
chitin, spent culture nediumwas mxed with chitin
beads and rotated for 1 hour at roomtenperature. The
whi2006/9418¢ds were washed wth water and bouPEil/US2005/035697
proteins were eluted direcBfy into SDS-PAGE | oadi ng 15
buffer by boiling. Western blotting indicated that
only the 85 kDa a-CBD cross-reacting protein was able
t#s pivitd of -MUn réleiagemaintt. $tameard)curfes ofidaMili(Signea-
directly fromchitin beads in this manner was.. .
AIBTihCarm: oSt kauifi NED Wesk BrepaiEs angrhsoRaLians wepd
[ ' LEi j [ ' term nal
A 18 16AGE0hs Fingo My Slod iom K rascori Uit
( FDI NAKDNVAVYWGQASAAT) (SEQ ID NO 7). A tBLASTn
search using this am no acid sequence as a query to
uence dat abases identified a partially
sequenced K. lactis gene having a translation that

exact lupFBk iy 12y (RRGVEHEAIAHR re i bR and

si gni honol ogy t . cerevisiae
efistachivel Iml ef 225/« vvi) rgistaratddhydeSeittics §or 1 diaur ngells

KI CTS1 apd lysis At th f thi
FTe WipRBed Biler BT, PACRLARG rEUERS G T PREInTREhG
Yfido ﬁﬂ%ﬂohﬁagptﬁ@dﬂrﬂ%ﬁ RING Tris-ASTBIHI8L0,00. 5% N-

out hern ybrid

I zationh and anchored PCR was used to
qropylgatiate e88%n déyrcerd )\ WIreoe@LOa B8AiGing experiments,

saeotn Yt omaa By AE ks . Thuts ABGIGS added to
ttReARBUNEhgAhietilim(%es fke eehcertratish@s100 meauehcEells

was IdenticCal to the translated product of K._ lactis

oRere Wewsohwithcadaiss Axwoviest aRPM Mismscopg ysing dights

3t O RS radlog AL Mlorsse it FART ARSI, °2

having a nol ecul ar weight of 85 kDa as determ ned by

SDSI- PAGE. KICTSlp is 53%identical and 82%simlar to
r r

Cells were extracted with KOH and the chitin in the alkali
insoluble material was hydrolyzed to GlcNAc by chitinase for
quantifying by a micro Morgan-Elson assay as previously described
(Bulik, D. A., et al. Eukaryot. Cell 2:886-900 (2003)).

Example 2: Identification and biochemical characterization
of K. lactis chitinase (KICts1p)

A polyclonal antibody raised against B. circulans ChilA chitin-
binding domain (a-CBD) was used in Western blotting analysis of K.
lactis GG799 spent culture medium to identify native secreted K.
lactis proteins that contain a cross-reacting chitin-binding domain
(Figure 1).
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10 chitinase, and has a simlar nodul ar domain

organi zati on consisting of a signal peptide, a

catal ytic domain, a Ser/Thr rich domain and a
chitin-binding domain (Figure 2A). Signal P software
Whizedemars4et al. Protein Eng. 10: 1-6 (1997))P@u/estpastoassy7
the presence of a signal pgéptide that is cleaved
after Al9 (Figure 2A). This is in agreement 15 with
the am no-term nal protein sequence determ ned from
purified secreted KICtslp that begins at F20. Am no
aci d honol ogy between the predicted KICslp catalytic
donaiSeceetsdt ;Imﬂ:eunsﬂnolﬂenl chuincorcansratesokc cs @f-%

L%'[p%q%% DO (O AL e Bebtatberor D 4-20%
t‘I\éZ
0 Ogg??‘y%rgi SGE: Tﬁi% @Vchn?a?sgtscgelﬂ aﬁgi Ng\Sre%fed ?? pliésence

(%f%amtnbn-bgmdnageh:mam by Weskesndrlotfing wWitharg YF%‘@'
uingtheraised b dBE R e EMRRs AL atiA i ding

SHR8IH (18heof), bsbhréﬁb@twopemsd/vé'e beurditsi chétin beads and
chitinase (ScC sl Wwere co

ca
calitad Slraetinit SOIGTBAGE KRG BTeE Y HANNGKA A da,

e 7 (1991)), pH
mwirggadracfrfﬁoa%@éras?éeﬁ“vfsofféﬁ’éif?ﬁ;’?%g@? & Subst!hie
preferences of KICtslp. As shown in Figure 3B, 30
chitinases from bath yeast ro oth 4MJ}).G4 C
and 49 tastihagy of f §§¢£r8§em¥mg@y E?Zﬁ t‘:ﬁebilla.d%gﬂ‘i’ gﬁ‘éﬁt

%nd rotated for 1 hour
Sl R5RGasoRes mAgB M Hiin ek Sand rotated for 1
| &t oth etempawt@e: muetmmwmeacsmwashﬁrﬂl withrwatar s
to those shown f ctl
@%P@éadfﬁfrot%'ﬁ‘?t‘i"ﬁ%g 66 e i v ACE fading,
%%?’hn d%éé@?ﬁ'ﬂlbﬁttld@ ﬂ@t&earmmobmwhm kDa
|v .5, 5 approxi nat el units nore
aéJrGBI:D rcceosshaeac:thm potbtem@(aﬁ able(tg élmdecrygp (Rigere; 1Rlane
hitin affini al ) kAt
B2, i bl IRt R TR was
subjected to N-terminal protein sequencing resulting in the
identification of the first 20 amino-terminal amino acids of the
mature protein (FDINAKDNVAVYWGQASAAT) (SEQ ID NO:7). A
tBLASTN search using this amino acid sequence as a query to probe
sequence databases identified a partially sequenced K. lactis gene
having a translation that exactly matched the query sequence and
that had significant homology to the S. cerevisiae extracellular

chitinase Ctslp (ScCtslp).

Cloning KICTS1 and sequence analysis

At the onset of this work, the sequence of the K. lactis genome had
not yet been reported. Therefore, a combination of Southern
hybridization and anchored PCR was used to clone the remainder of
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under a range of conditions. Figure 4A shows that
chitin association of KICslp is stable in 5M NaCl

and in buffers at pH 3, pH5 and pH 10. In 8 M urea,

a condition that normally denatures proteins, only
wbaos/0eB9% of chitin-bound Kl Ctslp di ssoci at RCTHYEHASIOBEIT
chitin 15 beads. However, 8¥nplete dissociation was
observed in 20 mMM NaOH at pH 12.3. An elution profile -
of chitin-bound KICtslp revealed that an equal anount

Qf Réﬁ%JW]@V@J%@jd&ﬁé originadyfidestifieapy datetidsens
(1hclu

ing the void vol une) sug?esting

t hat
ceardingi wishitbe tBSASTNGRIgositbAT {$8¢ aBSYR)-atlherKIGEELP s

i mredi ately | 0 ' 4B) ;
sorpence s I dbef Gl el ple P RfGudelor k. lactis, ORE
L0130y REthe Hecertly sepertd@K. /botis genpme sequence
neasurenment of chitinase _activi t‘i/ pre-chitin binding
ARujpod., ef @l Natuder h3OBnddinNA994)3howed that nearly
100% of the chitinase activity was recovered. 25 To
determne if the KICslp CBD can function: i)

i nde gROTS N idntodés ahprdtel® slith 5t amiricaddsdiavingred i)

as an affinjt t ag. on het er ol ogous| r d
Snelesular waighk oS5 kRRars JRFermIREADY St AT HokIETS1P
> ey ; | ) i i ' aci ds
5 G408 {68k tica B 8200 SHRIEP o 4Rl 3 erbie CMP 0 ¢
|cinttimase, Fvd has@asinsitar, midgdl avadosiado orgaeigationt gansisting
circul an chitinas .type 3 CB .

S siopd PeBhie, B catahiic d0FanyR SHEEET, it Fmain and a
Réaldis ! PCBGFciviase GNigIE0h aitns.
S (G e Ao a1
dArdteding.cto 11i-6 FHFIH) wrediated the preseaer of g signgl mv

arenisY thattds FRieH arcehi'y CHenL A IR s il GgrEement
KRR the BrdhoéniNaOdrotif reatichbe ddbérmitRDffons ipurified

protein remained bound to ghitin even after extensive
wesheteg KiGtelpshatvbrgaDs atrfies eAming @did hopwplegy Petgen

he e e AR AP AT dng nbbeor EREdRinases
{iﬂgggt%%%dggﬁp Prlomgs tochitimasepfarhy 1BufigereraBy,
Additionally, SMART domain prediction software (Letunic, 1., et al.
Nucl. Acids Res. 30:242-244 (2002) and Schultz, J., et al. PNAS
95:5857-5864 (1998)) indicates the presence of a C-terminal type
2 chitin-binding domain containing six conserved cysteine residues

(Figure 2C).

The catalytic properties of both KICtslp and S. cerevisiae
chitinase (ScCtsip) were compared. Because S. cerevisiae Ctslp
has an acidic pH optimum (Kuranda, M., et al. J. Biol. Chem.
266:19758-19767 (1991)), pH 4.5 was initially chosen for defining
the substrate preferences of KICts1p. As shown in Figure 3B,
chitinases from both yeasts hydrolyze both 4MU-GIcNAc; and 4MU-
GlcNAc, substrates. However, the K. lactis chitinase differs from
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10 the possibility that the KICBD coul d be used as an
elutable affinity tag for the purification or
reversible chitin-imobilization of alkaliphilic or
al kali-tol erant proteins. Disruption of KICTSI 15 To

&OMOH®I$4Re in vivo function of KiCtslp in KPCTAEINF035697
the KICTS1 allele was dlsr:’lffpted in haploid cells. A
PCR-based nethod was used to assenble a DNA

di sruption fragnment containing a kananycin selectable
r&:ﬂaixsﬂpaastsmt extent tdasiichtispreferstdMur@laN A do 2MU-

RIS, Sieey. restlEta, RS WMt Bor kTR edin, S :

byemd 8b§eﬁﬁéd foEr’Q%tgﬁaée thetel ff?émhmain@t@lsassg adte

di srupting DNA fragnent at the KICTS1 | ocus.
coBS6B3s AdditionallywIGiadpchaveed Ingaximugractidty @h@H 4.5,

carSRimaFe s AL iR e IR Bhot B RGP

I(tp,;gu,% 36 ditionally, K lactis Dctsl cells do not
secrete chitinase as denonstrated by the absence of
KICtslp (Fi gure 5A) and chitinolytic activity (Figure

30 The growth and cell
iy HRa “type (GGr99) and Actsl

cell s was exam ned In YPD nedium the Actsl WD

2006/ 041849 PCT/ US2005/ 035697 . 4 smal |
cl ust a1 aFsacaa oF Klchrspeas chit heachafes SKaqnga

gﬁd’&r 5"?9né8%‘? c%'n'&l%&@ek (%%Hép -\ sl%‘m%fth%grﬁrﬁi?h iét%ﬁgciation

uorescence mcCros I's stain

ﬂKI@sb? lrrsilsttg:)ldyn mg\mﬁllam::]m birffiees atipbl8d pthatand pH
ctsl cells are ed via their sep re 513, 5
AQnin S Noiires, asabatioy Hirsaoirbe e dengtipe protehe, only
dcﬁ&md@o%e fHH‘tanBthH et 4119 F%‘s‘o@@t@@ﬂi’m theS ERtirar
not ype een observe S. cerevisiae actsl
Mdds ( Homeaveia, conplete djlssodlatIBndNas obsetrved in 20 mM

VSIS LS b RS E DRy s
GRABYied Bfatdsh Bquakhfoursof the protein eluted in the first two
fractions (including the void volume) suggesting that destabilization
of KICts1p-chitin association occurs immediately in 20 mM NaOH
(Figure 4B). Surprisingly, KICts1p eluted in this manner retained
chitinolytic activity (Figure 4C). In fact, measurement of chitinase
activity pre-chitin binding and post-elution with 20 mM NaOH
showed that nearly 100% of the chitinase activity was recovered.

To determine if the KICts1p CBD can function: i)
independently of the KICts1p catalytic domain; and ii) as an affinity
tag on heterologously expressed proteins, human serum albumin
(HSA) containing a C-terminal fusion to the CBD derived from
amino acids 470-551 of KICts1p (KICBD) was secreted from K.
lactis. For comparison, HSA was also fused to the B. circulans
chitinase A1l type 3 CBD (BcCBD) and secreted from K. /actis in the
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10 tested. KICTS1 was placed under the control of the
GAL10 gal actose-inducible pronoter in a S. cerevisiae
expressi on vector. S. cerevisiae Dctsl cells

r essi ng KI CTS1 secrete KICtsip in

%?8?’% #cont ai ni ng nedi um (Figure 6A) and &ETHE005/035697
formcell aggregates (Fi gd‘f’e 613). Consi dered
toget her, these data suggest 15 that KICTSI and ScCTS1
encode funct| onal Iy equival ent proteins that
psamecmaaherl [CBRuskepprateinsnwepe doumdtioychiyin beads as

clsscainddt I Exepipled ahd el bidh AR B Presence of
t?"f‘ﬁMSNaé@l WB@ dltehinedf F&j—‘df‘é‘ 4[9€§Ho‘$v§ Ehall @ HSARI gh

ture density was exani ned % ati on
plﬁlé?&ﬂ ﬁwoamw fetﬂlyvﬁhsaoq@tecbfmng chitin eads|in20 mM

8GR WS RA: BeLapTislos! B péheind bound to

V\(:Hl@intéu%ﬁ‘x gftel exterdivEvasting with 20 #tM NaOH| O‘Fﬁm
and ectsl cells grovvn for 48 hours produced Etli'
Ithg,

i restitisdadicate that gne K&ﬁ@@efsmﬁfloaéungepwa%@#%
o
i\mt@/ls ll\m?tkfzsl ;Gl'\dll’igftnﬁerpropél’ﬁw gFlanthfafm;%, tétéslesdatajraibe
C nnol e -
ha passilibr thet e KICBOLANIRER Used 28 RUPBIERITGIoH
; !
Fibg toP SR AT 5 B S TR BT bR o 0 D
peilzabplyifie, ordsikali-totdrast peok@inscapabl e of achi eving the

same cell densities in culture as wld-type cells
suggesting that this strain background woul d be

SWié@ﬁt%nfg @fﬁ?rci al production of CBD tagged

p . anpl e 3: Preparation of pGBN2-HSA- Kl CBD
To create a fusion between the CBD of KICslp and
human ToSe?)EéJl%nlr?cle ?he llg] vSvo 'fbl‘}r’nctpon oF kf’Ctslp in K. lactis, the
KICTS1 allele was disrupted in haploid cells. A PCR-based method
was used to assemble a DNA disruption fragment containing a
kanamycin selectable marker cassette as described in Materials and
Methods. This fragment was used to transform K. /actis cells to
G418-resistance. Transformants were screened by whole-cell PCR
for those that had integrated the disrupting DNA fragment at the
KICTS1 locus. Of 20 colonies tested, two had correctly integrated
the disrupting DNA fragment (data not shown) indicating that
KICTS1 is not essential for viability of K. /actis. Additionally, K.
lactis Dcts1 cells do not secrete chitinase as demonstrated by the
absence of KICts1p (Figure 5A) and chitinolytic activity (Figure 3A)

in spent culture medium.

The growth and cell morphology of K. lactis wild-type
(GG799) and Actsl cells was examined. In YPD medium, the Acts1
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10 GGAAGATCTGACTCCTGGECGCTGITACAAGA-3' (Bgl 11 site
underlined) (SEQ ID NGO 8)and 5 ATAAGAATGCG
CCCCCCTAGAAGACGACGTCGGEGTTTCAAATA-3'  (Not | site
underlined) (SEQ ID NO 9) were used to anplify a DNA
WOoR8et84encodi ng the Cterm nal 81 anmi no acP@BEUEH05/035697
KICtslp with 15 Deep Vent T#EDNA pol ynerase (New

Engl and Bi ol abs, Inc., Ipswich, M. The KI Ctslp-CBD
fragment was cl oned into the Bgl II-Not | sites of

té’t‘f?’alﬁ gEHew:tas SLEL @Ms@ét*s\@f msegfssumm@d aslis (ﬂhaGEMZe
ngl and Bi ol abs, In psw ¢ch {
maaﬂy HsTBEedHIO swmem&swfn%bwaf ﬁoalqaaé\% g UOEBSCG“CE

PSS AREPY PR G it QP el it dyve Clleoluor

QEINEE ST AAGRET ALBICASNT aeA(iihed-da thBimseptas(figure 5B,
underl|ned) (SEQ I D NO 113 and clagned into the Xho
Irighy/ panel3 isuggestingghese-qellesne Lmetﬂeu ﬁt%@@td@osﬁ fThe

Saf A SEARReE” & Ry bheASHERAE Hoeh observed,
tfBe S3. ceﬁ@wg)aesnaszacm (Kagrahaat Of. ;mtea»l py. oBscu!.c Cbem; n
| eader (present in and Kl CBD

A,
A6E:(19758- tlﬂ367|c(r1&ﬁldée ")m&eﬁQfﬁt she jability e%K t%o

R far ormifcel SobpaRt{drl 615, cBfbviSReraciSl utlsAEs
TREAS. - T@ﬁsprwa@bsac%d Mﬂi@Oﬂﬁé 866D of the GAL10
PCT/ US2005/ 035697 43

mmeamnlm:@ﬂ@mmmw@@ﬁ 3ceneygfiag expregsion vector.

Sse A i e ARt R g T S s p i
ey B T geme g s o
mmﬁegﬁtesmilgumé&)nﬂqmid@&egrteaey?éro Shd?@%%%“

ptgéﬁg@éT%é}ﬁék Wa's an%f ki ﬁﬁ%ﬁ?ﬂgﬁcﬁgggleﬁymmms

Xhat IpaPgtipbte $n icell sehapsBdl; BreSkibnablydky dacilitating the.
degradation of septum chitin.

Characterization of K. lactis chitinase-deletion mutants

The ability of Acts1 cells to grow to high culture density was
examined. The aggregation phenotype associated with K. /actis
Acts1 cells distorted measurements of cell density by light
absorbance at 600 nm (ODegoo) to less than 65% of wild-type cells.
However, cultures of wild-type and Acts1 cells grown for 48 hours
produced nearly identical dry weight masses of cells. Additionally,
total cellular chitin did not differ significantly between the two
strains. Strain GG799 yielded 21.8 1.9 nmoles GIcNAc per
milligram of dry cells and the Acts1 strain yielded 20.8 +1.0 nmoles
GlcNAc per milligram of dry cells upon KOH extraction of cellular
chitin and hydrolysis by chitinase. Therefore, despite their mild
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10 Exanpl e 4: Production and secretion of HSA-CBD in
K. lactic Actsl cells The vector pGBN2- HSA-KI CBD (5
g) was linearized with Sacll and used to transform K
| actic dctsl cells via electroporation. 15

WwoaosioeBtant s were sel ected on yeast car bon REEES28¢5485697

medi um (Di fcoTM Becton Di dki nson, Franklin Lakes, NJ)
containing 5 mM acetam de by growh at 30C for 4
days. An Individual transformant was used to start a

%r?@vtﬁ?ﬂe%%p@,a&éts@ xtdRClem @ caeiiond achiéjhgciheeame
ulture that was grown overnight at 30C. A 20

1:100 .
dell Wansitied in beltore asivghd-type cells suggesting that this strain

inoculate a 2 m, YPCGal % 9 e,
bokaranitco o id b iR ie Br BT rES L BRSducH L BE A
%Qébé@r réiReurs wi th shaking. Spent culture nmedium
was~ p gpared by m crocentrifugation of 1 m of

culture at 15,800 X g for 2 min to renove cells. A 20
al i quaj, K u I um was
E’%’%‘P %‘ed?’?s%%r%%fﬁﬁ*?ﬁ%“%?% {(ﬁc%dm of 3X
Protein Loadi ng Buffer and heated for 10 mi nutes at
95C. A 20 ml aliquot was resolv 0 Q- 20%
Tri s- GhyEeake aﬁasmb?twm&haé%q%ﬁg '{?ﬁéﬂs%éﬁét*é‘ﬂ“a"
HSA- KI S/ r.Qf el s detected by Coonassie
SERTH ?358"% W@go@@ﬂﬁg PCT/ US2005/ 035697 44
GEARGATETAACTECTEEROTETTASAAKACBD(Bg! Hysitéiurnderlined)

beads_To isql ate_secreted HSA-KI CBD by i mobilization
CBERND NRi®ANdR Bt ein to chitin, K lactis Dctsl

%@A&M%'vgg%éhgﬁm&ﬂéﬁmdﬁmgGﬂﬁ&t‘l\mwnessi on

ragment were grown in 2 YPD nedi um
(ot IGiteounderlibeid)s(SEQ 8Dr BGu9pweredraadhto amplifya BNA

centrifugation d the spen di t 0
Fraaraent entedngomie Erierooh Bl gt s SR HElp Fheh

! a3k IEfgland Biotabb, 1Y) Ipswich,
%X%ngaﬁgo@nqﬁﬁpermﬁ Evi?ngt h 10 entl e r)c')t gti on
MX). 1 Theu€ICtate-GBD tfragment waseelonpd inke the Bgf 11-Not 1
sites of the K. lactis integrative expression plasmid pGBN2 (New

England Biolabs, Inc., Ipswich, MA) to produce pGBN2-KICBD. HSA

was amplified with primers 5'-
CCGCTCGAGAAAAGAGATGCACACAAGAGTGAGGTTGCT-3’ (Xho I site
underlined) (SEQ ID NO:10) and 5'-
CGCGGATCCTAAGCCTAAGGCAGCTTGACTTGC-3" (BamH 1 site
underlined) (SEQ ID NO:11) and cloned into the Xho I-Bgl 11 sites of
pGBN2-KICBD. When integrated in the K. /actis genome, the
resulting expression construct produces a single polypeptide
consisting of the S. cerevisiae a-mating factor pre-pro secretion
leader (present in pGBN2), HSA, and KICBD.

A control construct that produces HSA containing a carboxy-
terminal type 3 CBD derived from the B. circulans chitinase Al
(BcCBD) was assembled in a similar manner. The primers 5'-
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centrifugation, washed with 10 ml of water and
resuspended in 1 m of water. |mopbilized HSA-KI CBD
was el uted by boiling an X50 m  vol ume of

protei n-bound chitin beads in SDS Sanple Buffer for 2
wongospaissoowed by m crocentrifugation for 2 nitGI/g$2005/035697
remove the chitin 15 beads43 El uted HSA-KICBD in the
supernatant was visualized by SDS-PAGE and Coonassie
staining or by Western analysis with a- CBD or a-HSA

@%Aﬁ RTI' é‘%ﬁ&%ﬁ(ﬁk&ﬁéﬁ@@ﬁtﬁ%ﬁ@@ﬁg ng&m 1l siteed

I N beads by passage of 5 of 20 mM NaCH
amderlirea) (SEQID.NOSI2peoduced in this manner is free

b AR AR R e AT A GOR B AT RAGEAGGAAE -3

BP?%gcé%ﬁd’éThﬁEd E@ @fmcmqmwmmeeumopcmmphfy

eads tagged human serum al bum_n %@SS

thaae@cCBD frono pItYBdt NewEnglaadiBiplabs, éf\ca I@@DU

t

Eharupured mrbRrates g i o Bgr tNeE LGtdOHe
YEEN2 fé%ré/&@SISGBNQLBGCBDZO/HsAOWaBEamphﬂea‘hrghtlanedsleyo
cul tures of lactis strain 3 were 30

the dhol IathdIIMSttﬁs p@mGﬁN%fB%CQDrﬁS @%%ﬁrt gBPY¥er e t hat
had been grown for 24 hours at 30C. WD 2006/ 041849
PCT/ US2005/ 035697 45 Culture 1: Prior to inocul ation,
Ex@mPie g2t Production landagaeretlomeﬁﬂsA@BDhmjKbdéﬂtls
sterilized by autoclaving for 20 mn was added in the
4agtslcellfedi um The culture was then incubated for 72
hours 5 at 30C with shaking at -300 r.p.m Culture 2:
At 24 hours of growth, 1 m of sterile magnetic

chi ti phégeetoMpSBANEGA-KICED (Guigl msnimajmedrweth

culture was incubated for an additio 2
Baat and AiSpdo TSI K. ferténdRisioals Visop eFrpppration.
Tienstabments Wehedinrey QuVeart cfiir BaRe el fhephass
$DFELMY B ctbRWickinson, Franklin Lakes, NJ) containing 5 mM
acetamide by growth at 30°C for 4 days. An Individual
transformant was used to start a 2 ml YPD (1% yeast extract, 2%
peptone, 2% glucose) culture that was grown overnight at 30°C. A
1:100 dilution of the overnight culture was used to inoculate a 2 mi
YPGal (1% yeast extract, 2% peptone, 2% galactose) culture. The
culture was incubated at 30°C for 48 hours with shaking. Spent
culture medium was prepared by microcentrifugation of 1 mi of
culture at 15,800 X g for 2 min to remove cells. A 20 mi aliquot of
cleared spent culture medium was transferred to a new tube, mixed
with 10 ml of 3X Protein Loading Buffer and heated for 10 minutes
at 95°C. A 20 ml aliquot was resolved on a 10-20% Tris-Glycine
polyacrylamide gel and the secreted HSA-KICBD fusion protein was

detected by Coomassie staining.



10

15

20

25

30

tenperature for 1 hour. 15 Culture 4: The fourth
culture was cleared of cells by centrifugation at
5000 r.p.m for 5 mn, after which 1 m of nagnetic
chitin beads was added to the cleared spent culture
WORPAH18P | owed by gentle shaking at room t e BEEUS00F5697
for 1 hour. 20 Each cultur® was decanted into a
standard 50 nl capped |aboratory tube. Magnetic beads
were harvested by inserting the tube into a 50 ni
rExaiple BypRurificatidh ofrSArKICBD30seg @idtin beadswed
by decanting the supernatant. The tube was then
renmoved 25 fromthe nmagnetic field and the pellet of

magnetrigCise Ez‘té's‘%c’%l‘; el [ASASKICHS b%ﬁﬁ%b‘lﬁz‘a'ﬁno‘l‘poﬂr'th@?uswn

water and re-iso In the magnetic field
varsheind:opchitios K. vaectis Hotsit eelllahaob@mn@tthe Hinkegratee $1SA-

RIEER ERniRbsion rranBihn el A00S), BEFE b folo ! Yo
basaRiH$6r _@@qmlﬁl*ée bensisvare rabh@dsd floshehvedidture by

suspended in 250 of 3X protein |oading buffer
cc@nttafugatgvruand|tberﬁmrttdneqmwvm@tmfgr@ﬂangsa frer%r

HEPY ity §rird hialet Wdsticrd g gl SRSty ERGIARY'
Biokbs, ¢AE) IpaWid; MAR) andicpaubatast at 1&@%&5&&&@& with

el vi sual i zed by_Coonassi e stainin e 8).
FQQE&@d"Q#SﬂDGEfDrvlaBOU6b§'8|e\/%mt'ﬂrb%aéb%w§§ﬂ%l esickaY | ng

%ggkq.fa@eg; éuéd um?ﬁer Pof Wektes bi! aésaggéggwsﬁ .raplemu

e|n el ur|ng or after
iofevatdrt Lmnemoﬂﬂlwe;d HEA-KICBRpras etlitl8\CBDiling each50 ml

il 5t ot s e s S TR g 1575
S SRS, AR R £5' 2 8ot B
fheansc UEubed HBAHKIGBD2iD the swpemiagant wast visuslized by
SDS-PAGE and Coomassie staining or by Western analysis with a-
CBD or a-HSA antibodies. Additionally, HSA-KICBD can be eluted
from the chitin beads by passage of 5 ml of 20 mM NaOH over the
column. HSA produced in this manner is free from endogenous K.

lactis proteins that fortuitously bind to or degrade chitin.

Example 6: Concentration of HSA-KICBD using magnetized
chitin beads

CBD-tagged human serum albumin (HSA-CBD) was used to
demonstrate the association of a CBD-tagged protein with magnetic
chitin beads during various stages of culture growth (see Figure 8).
Four 25 ml YPGal (1% yeast extract, 2% peptone, and 2%
galactose) cultures of K. /actis strain GG799 Acts1PCKI3 were
innoculated with 100 ml of a 2 ml starter culture that had been
grown for 24 hours at 30°C.
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of Bacillus circulans transfornmed with DNA encodi ng a
fusion protein 15 (QuC CBD, where GuC is an
endoprotein from Staphyl ococcus aureus),.were grown

in 125 mM flasks. The DNA encoding the A uC was

WP/ UE4P nt o pl asmid pGNBS, whi ch cont ai ned PEHES805/035697
circulans CBD. Transformat®on of conpetent cells was
achi eved using standard techni ques (Harwood and
Cutting, Mol ecular Biological 20 Methods, ed. John

Wley & Sons Ltd., New York, NY, pp. 33-35, 67,

1990) .. F ' : :

ar oun Cifire“EoRRaT kb o RHEHERLE B 5otk Shitfh PRécherc
HEy Qitans bagd stbrikged b9rHEonlaving fier RDasim evdsoadded
the fusion protein (G uC CBD). For all %

nctheIVTEMEdHS. sHie ultTe e than fncubated 198 72 hots
ga&m&& wifﬂ‘ghgﬁﬂtntg_uéte:vga% PE%E‘Q the G uC construct was

overni g i N the présence of magnetic beads in

order to exam ne nonspecific binding (Figure 12, |ane
2). Magnetic_beads were ded .. to the ree @ uC- CBD
cul t ur(fgé@t‘-ﬁ'? 2 AE eAdIRUIS; (gfggrqvkstrgéen}qfoft%ﬁglfﬁ,g?qw% e

oot o it
ST EEaRe b3 9QPRRRD Ul Jultth, by AT cAbas
bradlsatiedr farten additioral gifohours (22 dogFitgtale at B09Gwdth
3).  For Cul e 2, the magnetic WO 2006/ 041849

kiR 8651 Y 657M-47 beads were added after 16 hours
of growth at 37C and incubated for one hour at 37C
wi th shaking (Figure 12, |ane 4?1_. Culture 3 was grown
over niCyiiturat3 3&teniAZhrshaknhgf ehidin magnaticberds was

e e B 0l 8 o sl S RKind A b o
itBRHaReGHeafor 1 GO enperature for 1 hour wi th shaking
(Figure 12, lane 5). In all cases, the beads were

harvested using a nmagnetic separation rack (New

Engl Bj 0l -
1 oo CUiErR 40The R, dfifiFecias HiarefSTGS Bh°3,
QenthtidaElon 306000 hpads foresaninysafeadadhichn 11mil o6f 1M

NaCl, transferred to a 1.5 m _eppendorf tupe, and
deagneticghitin beads was aﬁd@é,tedber‘gﬁ?f%ﬂ FRRAY gulture

medium followed by gentle shaking at room temperature for 1 hour.

Each culture was decanted into a standard 50 m! capped
laboratory tube. Magnetic beads were harvested by inserting the
tube into a 50 ml magnetic apparatus (Figure 9) for 30 seconds
followed by decanting the supernatant. The tube was then removed
from the magnetic field and the pellet of magnetic chitin particles
was washed with 40 ml of water and re-isolated in the magnetic
field. This washing process was repeated a total of three times,
after which the beads were transferred to four screw-capped
microcentrifuge tubes. To elute the bound HSA-CBD, the beads in
each tube were suspended in 250 ml of 3X protein loading buffer
containing dithiothreitol (New England Biolabs, Inc., Ipswich, MA)
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l'iquid. The beads were suspended in 100 m 3X SDS
sanple buffer wth DIT and boiled for 5 mnutes to
renove protein. The beads were separated fromthe
buffer by centrifugation at 10,000 rpmfor 15 2
WorRaeedd184Ganpl es were anal yzed on a 10- 20% TPEHUS$RE05/035697
gel, transferred onto PVDRénenbrane by Western Bl ot,
and stained with Coomassie Blue. The identity of the
eluted protein was confirned by Ntermnal’

SeﬁﬁiJG CW%E% mfﬂaaté'djltfof gsmiiristesrati 9;]&‘1@. tBhatted peoteats it Bdnl of
uC usion protein is the o) rotei n_baound b
r@@he&arap@W@ﬁetSﬁﬁab%f&éisa 1%808/T$'3e‘§1"9’§% F & ut edy

h I
Qﬁ l F@’fhe ek ﬁ@@érﬁbnéjg@gﬁ'ﬁe ghneEiesd H§A-@I§9 was

can d at any point during
tdb@ee\xmm ech sanhpletindadating thatt megneéltfqmtlerhgads

nple 8. P d |
e T
KirolRAitdf h@%lf\fﬂ% C?‘ﬁ@%@elﬁrﬁﬁcaﬁtbﬁe&\mgAJ@Smhn each

restri ctl on sites of vector pKLACl to create vector
[kl bAEe -vikd SCBELImEited dontee érm@dll--rig Gaussi a | uciferase
(GLuc) was 30 then cloned into the Xhol/ Not I
restriction site of vector pKLACl- KICBD to create an

P8 : 048 oPmhghetized' ERit bikidy £0r \WOncentrating
2006/ 041849 PCTI US2005/ 035697 48 secretion signal and

secretedi GCICBPprekeain t he K CBD gene. This
construct was linearized and transforned into K

| act ] SoGR0hE Nuyt§hh e richhBh adilkofitkhttate

@15 THisieRB MAsinTrond cuitlife aneédiumh, DBdnL/oVemagbt cuh[ut'esn
5 beads for 1 h at RT. The chitin beads were

iaftRacilus cirawansridansiesapdewithy DNAsererdingrd f '%lRERFP'“

(RETeR ha Nt oflr, is"5h Spgpfifiin Hah@pH i Todcel e
%Q}rbagy,qder@ gFeRASNCIZB airflarks] Thle mNu\Temea@ngmaemmc
as to neutralize the eluant as i a

d@%mel‘mmty plag@id PGHBS oG §°%¥a'aegﬁEeuf§ ?’69‘?9”5
%ﬁ Ie SngFoa{‘@?é:ﬂ"'or? 'off'tc%ﬂ'\ éetggﬁé g%nsWa?s a?l?%%gi@%%ﬁ ght
standard techniques (Harwood and Cutting, Molecular Biological
Methods, ed. John Wiley & Sons Ltd., New York, NY, pp. 33-35, 67,
1990). For comparative purposes, four cultures were grown: one
containing the plasmid to express the GIuC endoprotease, and three
containing the plasmid for the fusion protein (GluC-CBD). For all
experiments, a 5% bead volume was added to the culture. As a
control, the culture containing the GluC construct was grown
overnight in the presence of magnetic beads in order to examine
nonspecific binding (Figure 12, lane 2). Magnetic beads were added
to the three GluC-CBD cultures at different times to see if
incubation time effects binding capability. Culture 1 was grown
overnight at 37°C with shaking in the presence of the beads for the
entire growth cycle (Figure 12, lane 3). For Cuiture 2, the magnetic
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units). Figure 13 shows that active GLuc was eluted in
fractions 2 to 10 with the highest activity found in
fractions 3, 4 and S. 49 0 Wat is clained is: 1. A
nmet hod of obtaining a concentrated preparation of a
WOR0eYWIB4? econbi nant protein, conprising: (afCT/US2005/035697
transform ng host expressidh cells in a culture
medi umwith a vector containing a DNA, the DNA
encoding a fusion protein conprising a ¢hitin-bindin
gbémimwé@t@hdad _dafterhlarigntrs mfarewth dth37 e&mmw@atwg
usion protein_ipn t oSt r essj cel ls
Jor 0 Wi Ae376 WA, F R Br T onenErth FHiure 3
‘Wé% gmp‘w&m gk $97 Chirisha kil anaanet eslis weien
protéin to a ;ﬂ d

eparation of chitin added to the
aentover by diemtrifiygatiem 104500 emdep,1Q ringtes)enThe

tej i bl.e of eluti . i
espnetcheete ety draediaahtuireraakai o ii s EibarREans
Sdof? téﬁxp%%ﬁjnr%ﬁrt?lorisaﬂwia{ §H3ki|ﬁ e(ragatd on, tnd B3, In

secreted recombi nant protein. 2. nmet hod according to
dlhcases, thadesids whee hacyestedrisiag épmagneatic seRHBtIONe

vector, 3 A netho C [ (of ¥ j .
S35k sl Pl 4T BPGBSCEIS DR hPA TuFeIETAIR s
LWARASY htUBPBRbthY arfd tiesH twitebwithol® nainof 1M NaCl. The
transcriptionauy active in the host expressjon | s.
zbeadmer@duane@@@ﬁi iy 1l @f anNQQ‘:vﬁi@F%i'Joeﬁr §hEP §hf:gt T"@
vect or pfied. ar

55l B0 B kD TR IO R RA P e
4iquiberBienbeags wuretduspendedrini 500 pid 2CSDS sample buffer
with DTT and boiled for 5 minutes to remove protein. The beads
were separated from the buffer by centrifugation at 10,000 rpm for
2 minutes. Samples were analyzed on a 10-20% Tricine gel,
transferred onto PVDF membrane by Western Blot, and stained with
Coomassie Blue. The idéntity of the eluted protein was confirmed
by N-terminal sequencing. The results indicate that the secreted
GluC-CBD fusion protein is the major protein bound by magnetic
chitin beads, and can efficiently eluted by boiling in SDS sample
buffer. The results also show that the beads can be added at any
point during the experiment without altering their efficiency.

Example 8: Production of luciferase and its elution from

chitin beads

The gene encoding the wild-type K. lactis CBD was cloned into
the NotI /Stul restriction sites of vector pKLAC1 to create vector
pKLAC1-KICBD. The gene encoding Gaussia luciferase (GLuc) was
then cloned into the Xhol/NotI restriction site of vector pKLAC1-
KICBD to create an N-terminal fusion with the vector derived



10

6. A nethod according to claim1, wherein the host
expression cells 5 are chitinase-deficient cells. 7.

A net hod according to claim3, wherein the host
expression cells are yeast cells. 10 8. A nethod
woeoostirsgy t 0 cl ai m5, wherein the yeast cel | BCEHUS205/035697
singl e species selected frdén a Kl uyveronyces, a
Yarrowi a, a Pichia, a Hansenula, and a Saccharonyces
species. 9. A nethod according to claim?7, wherein the

hQste B8R SRETd| hF 8! E-termhina fasiSnuwittr ey KESBD ened This
nmet hod according to claim9, wherein the Kl uy verogyces

|cs>r§truthya@hnﬁ§ﬂé@d radiransformgd itp K ggtisicongpetent
k1 S0né 557t SpURE A PE PSR o o e e

tsl&rétiﬁg QILLRT B(I(EIDB was Sm&edtveadh ian26 mt bed oudltioresof chltm
medi um 12, according to c

desasts farngh %Td'&Tn gTHGhéh'tQBb% & V‘f?r?ooquf@]‘]c'GF‘P lf'i‘r%g]”m“

t 0]
1 TSt WeshEB'WRR, 1 Sl TUdMpMAGITIAR oF b
fwataccmmn@g)rbtemlvaasreﬂuted vith 20henldiNa@He Fonir tthhelugion
30 added to the ture after cultiyatjon. WO
Toodiam s wbectas v eetaanot HIILTHGE oH 7.5 so
Ly Ak &aﬁ?a‘%bé'éfh&n@és 11,3ca|’f4éeﬂr8h‘ﬂtﬁé‘%oﬁlmhl ”TWéntylﬁ&e
forn1se ecte roma coatl ng, | oid, a bead,
aoiarofitera ofe ong,in farts,fhéléwtl@m@f @anbraju’eméfrastlm WAS

met hod ,accordin m1l or 13 ] LLin

assaveg ot fuctimtage e e esebresel af ALt LBl fght

\m{l ééorﬁ fire 153 sHoWBha agtve'Glitowas élhﬁéd’ﬂrilﬁ:actlons 2
he chitin bead is magnetized. 10 18. A

rbet HB evitte the dighestacthvdtnfond ihEeestiansédbapdng t he

fusion protein bound to the chitin in step (d)

further conprises applying a



magnetic force. 15 19. A nethod according to claim1,

wherein the binding of the fusion protein to chitin

is reversible such that the fusion protein can be

rel eased fromthe chitin under non-denaturing

conditions that differ fromthe conditions for

bi nding. 20 20. A nethod of obtaining a concentrated

preparation of a secreted reconbinant protein,

conprising: (a) providing a shuttle vector, wherein
the shuttle vector (i) is é@paﬁ e of integration into

t he genone of a yeast host cell, and (ii) contains a

DNA, the DNA encoding a fusion protein conprising a 25

chitin binding domain and a target protein; (b)

transform ng a chitinase deficient host expression

cell with the shuttle vector for expressing the
WwHatsi D @raireddy iist t he yeast host expression cell and

secreting the fusion protein therefrom and (c)

bi nding the secreted fusion protein to a preparation

of B0 xhidtiHvdw fredtsiefingha CBRceatastéd phéparatimn of
a et datetonpieparadratcoh, seempedipgot ei n. WO

2006/ 041849 PCT/ US2005/ 035697 NEB- 247- PCT. ST25. t xt

SEQUENCE LI STING <110> New Engl and Bi ol abs, Inc.

Tar ofn) @vdrsrephehgHhos€lettpsiessPanl cbll1s120>a Med hiadkse
me i€ QMRS i IveR% 0l 2@RGRAhGakI DYASEEREt BA encoding a
£ i n RRielin ind38> cNEB1 24181 R&Ing<d&R&in (CBD) and
a 41t 341> 2005-06-14 <150> 60/ 616, 420 <151>

2004-10-06 <160> 20

(b) expressing the fusion protein in the host
expression cells and secreting the fusion protein therefrom
into the culture medium; and

(c) binding the secreted fusion protein to a
preparation of chitin added to the culture medium by means
of the CBD, the fusion protein being capable of elution
from the CBD into a desired buffer volume under non-
denaturing conditions so as to obtain a concentrated
preparation of the secreted recombinant protein.

2. A method according to claim 1, wherein the vector in
step (a) i1s a shuttle vector.

3. A method according to claim 2, wherein the DNA encoding
the target protein in the vector is transcriptionally
silent in E. coli and transcriptionauy active in the host

expression cells.

4. A method according to claim 2, wherein the shuttle
vector has a modified LAC4 promoter.
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<170> Patentin version 3.2 <210> 1 <211> 98 <212>
DNA <213> artificial <220> <223> prinmer <400> 1
ccagtaatgc aactatcaat cattgtgtta aactggtcac cagaaataca
agat at caaa 60 aattactaat actaccataa gccatcatca
\tvetz_cqg@a_mg% <210> 2 <211> 104 <212> DNA <PABWS2005/035697
artificial <220> <223> prisfrer <400> 2 ccaaactagc

gt atccggtt ggattattgt tttcgatatc gaaatcgaaa ccatcgacga
cagcagtgtc gaatggtctt tccccggggt gggcaaagaa ctcc

O Hb3sh
g gbbgfe?cil\gg,ft ng&lh rt@gzg%]@>wgﬁg&|2§aaca lzc{trgdg?:g‘g:gali%

pKlac14 <211> 19 1 WD 2006/ 041849 PCT/ US2005/ 035697

6. A method according to claim 1, wherein the host expression cells

are chitinase-deficient cells.

7. A method according to claim 3, wherein the host expression cells

are yeast cells.

8. A method according to claim 5, wherein the yeast cells are a
single species selected from a Kluyveromyces, a Yarrowia, a Pichia,

a Hansenula, and a Saccharomyces species.

9. A method according to claim 7, wherein the host expression cells

are Kluyveromyces.

10. A method according to claim 9, wherein the Kluyveromyces is a

Kluyveromyces marxianus variety fragilis or lactis.

11. A method according to claim 1, wherein the host expression
cells are in a culture, such that the fusion protein is secreted into

the culture medium.

12. A method according to claim 11, further comprising: adding the
chitin to the culture medium during cultivation.

13. A method according to claim 12, wherein the chitin is sterile.

14. A method for according to claim 1 or 11, wherein the chitin is

added to the mixture after cultivation.
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wWoaesn418® <210> 6 <211> 34

NEB- 247- PCT. ST25. t xt <212> DNA <213> artifici al

<220> <223> primer <400> 4 gcctctccac ccaagcggc 19
<210> 5 <211> 36 <212> DNA <213> artificial <220>
<223> primer <400> 5 ggcggatccg ccaccatgtt tcaccctcgt
<212> DNA <213BCT/US2005/035697
artificial <220> <223> prfher <400> 6 acatgcatgc

ct agaagacg acgtcgggtt tcaa 34 <210> 7 <211> 20 <212>
PRT <213> Kl uyveronyces lactis <400> 7 Phe Asp lle

&Sﬂ AVriethipe Asrdisg ttlafhal ¥ali3Tywhdrgin@he dBitinAs én al
10 15 Ser Ala Ala Thr
form selected from a coating, a colloid, a bead, a column, a matrix,

a sheet and a membrane.

16. A method according to claim 1 or 13, wherein the chitin is a

chitin bead and the bead is either porous or non-porous.

17. A method according to claim 16, wherein the chitin bead is

magnetized.

18. A method according to claim 17, wherein recovering the fusion
protein bound to the chitin in step (d) further comprises applying a

magnetic force.

19. A method according to claim 1, wherein the binding of the
fusion protein to chitin is reversible such that the fusion protein can
be released from the chitin under non-denaturing conditions that

differ from the conditions for binding.

20. A method of obtaining a concentrated preparation of a secreted
recombinant protein, comprising:

(a) providing a shuttle vector, wherein the shuttle vector (i) is
capable of integration into the genome of a yeast host cell, and (ii)
contains a DNA, the DNA encoding a fusion protein comprising a
chitin binding domain and a target protein;

(b) transforming a chitinase deficient host expression cell with
the shuttle vector for expressing the fusion protein in the yeast host
expression cell and secreting the fusion protein therefrom; and

(c) binding the secreted fusion protein to a preparation of
chitin by means of the CBD so as to obtain the concentrated

preparation of secreted protein.



20

<210> 8 <211> 30 <212> DNA <213> artificial

<220> <223> priinmer <400> 8 ggaagatctg actcctgggc
tgttacaaga 30 <210> 9 <211> 43 2 WD 2006/ 041849

PCT/ US2005/ 035697 NEB- 247- PCT. ST25. t xt <212> DNA

WO 200s/08x884 fi ci al <220> <223> prinmer <400> BCT/US2005/035697
at aagaat gc ggccgcctag aagacgacgt cgggtttcaa ata 43
<§%g> 10 <211> 39 <212> DNéy <213>ag&tificial <220>
<223> prinmer <400> 10 ¢ 866 Sdaagdfat gc

acacaagagt gaggtt gcEQ4YE 55&6?1 <211>§339 <212> DNA
<1981 3RedlehTdn@i dilo1abs, 1nc.

<120>

<130>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

Taron, Christopher H.
Colussi, Paul H.

Methods and Compositions for Concentrating Secreted Recombinant
Protein

NEB-247-PCT

60/690,470
2005-06-14

60/616,420
2004-10-06

20

PatentIn version 3.2
1

98

DNA

artificial

primer

1

ccagtaatgc aactatcaat cattgtgtta aactggtcac cagaaataca agatatcaaa 60

aattactaat actaccataa gccatcatca tatcgaad 98

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

104

DNA
artificial

primer

2

ccaaactagc gtatccggtt ggattattgt tttcgatatc gaaatcgaaa ccatcgacga 60

cagcagtgtc gaatggtctt tccccggggt gggcgaagaa ctcc 104

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

18

DNA
artificial

primer

3

gggcacaaca atggcagg 18

<210>
<211>

4
19



<220> <223> prinmer <400> 11 cgcggatcct aagcctaagg

cagcttgact tgc 33 <210> 12 <211> 33 <212> DNA <213>

artificial <220> <223> priner <400> 12 ggaagatcta

cgacaaatcc tggtgtatcc get 33 <210> 13 <211> 43 <212>
DIRO06AAIZS artificial <220> <223> priner <BODESDES/035697

at aagaat gc ggccgcttat tgaagctgcc acaaggcagg aac 43

<210> 14 <211> 57 <212> PRT <213> artificial 3 W

2006/ 041849 PCT/ US2003¥E@3BGIFCT . BB~ R47- PCT. ST25. t xt
<212><0NA> <223> Type 2 chi tin-bi ndi ng domai n consensus

<213>5 A2 <400> 14 A n Asp Cys Thr Asn Ala Leu Asp Ay

<220-Leu Tyr Ala Leu Gy GQu Cys
<223> primer

<400> 4
gcctctecac ccaagegge

<210> 5

<211> 36

<212> DNA .
<213> artificial

<220> .
<223> primer

<400> 5
ggcggatccg ccaccatgtt tcaccctcgt ttactt

<210> 6

<211> 34

<212> DNA

<213> artificial

<220> .
<223> primer

<400> 6
acatgcatgc ctagaagacg acgtcgggtt tcaa

<210> 7

<211> 20

<212> PRT .
<213> Kluyveromyces lactis

<400> 7
Phe Asp Ile Asn Ala Lys Asp Asn val éga val Tyr Trp Gly ggn Ala
1 5

ser Ala Ala Thr
20

<210> 8

<211> 30

<212> DNA
<213> artificial

<220> ..
<223> priiwmer

<400> 8
ggaagatctg actcctggge tgttacaaga

<210> 9
<211> 43

19

36

34

30



151015 du Pro Gn Phe Leu Thr Cys Ser Ay dy Ille
Ala Arg Ile Met Asp 20 25 30 Cys Pro Ala Asp Leu lle
Tyr Asn GQu Pro Leu Leu Ile Cys Asp Trp 35 40 45 Arg
Hs Asn Val Ile dy Cys Au dy 50 55 <210> 15 <211>
wo 20868429 PRT <213> Kl uyveromyces lactis <4BOHUIZH0IDBS697
Ser Asp Ay GQu lle Ser Cys Thr Ala Asp Gy Lys Ile
Ala lle 15 10 15 Cygesfsqy-pyf.sy.tAta Trp Val Tyr
<2125ThpNG U %s Ala Ala dy Thr Thr 20 25 30 Cys Phe Al a
<213yyprdpciddr Gy Asp Ser Val Tyr Thr Ser Cys Asn Phe
«22035 40 45 <210> 16 <211> 64 <212> PRT <213>
<223 adoepori um ful vum <400> 16 Thr Lys Lys Met Ay Pro

<400>Ly§ Asp Cys Leu Tyr Pro Asn Pro Asp Ser 1 5 10 15

ataa@éiggré@ccﬁal’:taﬁ)’&adakﬁac&rkg@dﬁttV@d akso Leu Asp G u Val 43
Ay Asn a 20 25 30 Lys Pro val Vval Lys Pro Cys Pro

<210Lyi()GIy Leu dn Trp Asn ASP Asn 35 40 45 Val dy Lys
<211>>Ly§9Trp Cys Asp Tyr Pro Asn Leu Ser Thr Cys Pro Val

<21250085 60
<213> artificial

<220>
<223> primer

<400> 10
ccgctcgaga aaagagatgc acacaagagt gaggttgcet 39

<210> 11

<211> 33

<212> DNA

<213> artificial

<220> .
<223> primer

<400> 11

cgcggatcct aagcctaagg cagcttgact tgce 33

<210> 12

<211> 33

<212> DNA

<213> artificial

<220>
<223> primer

<400> 12
ggaagatcta cgacaaatcc tggtgtatcc gct 33

<210> 13

<211> 43

<212> DNA

<213> artificial

<220>
<223> primer

<400> 13
ataagaatgc ggccgcttat tgaagctgcc acaaggcagg aac 43

<210> 14

<211> 57

<212> PRT

<213> artificial



4 WO 2006/ 041849 PCT/ 1JS20051035697

NEB- 247- PCT. ST25. t xt <210> 17 <211> 68 <212> PRT
<213> Ral stoni a sol anacearum <400> 17 Phe Lys Cys Pro
Ala Pro Ser Gy Arg Tyr Leu Val Asp Asp Ay Thr 1 5

WO 2065/041%¢ Asn Arg Gy Pro Asn @ n Val Pro APGI/U$R005A35697
Cys Thr Arg Ala 20 25 30 Tyr Ala Val Cys Asp Ala G n
ser Hs Ala Thr Leu AspedHis7-@¢s.eH.tx85 40 45 Ser Ay

<2206 n Val S Phe Ser Thr s Val Val Lys
<2237spYP%4 %tﬁﬁpﬁﬁgﬁé’gk&ﬁ%eﬂs%se%‘f 18 <211> 54
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